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5 , COMPOSITIONS PRODUCED By SOLVENT EXCHANGE 

: . , METHODS AND USES THEREOF , , 

CROSS-REFERENCE TO RELATED APPLICATIONS . . j , 

The present application claims benefit to U.S Patent Application No. 
10 09/999,171 filed qn.November 3P,.2pOL wWch applicat^ claims benefit to U.S. 

Provisional ApplicatiQi; No, 6,0/298,174 as, filed pn June 13, 200 which application 
claims benefit to U.S. ^Pro visional Application No.. 60/269,606, as filed on February . - 
16. 2001 . The disclosures of the USSN Nos.; 09/999, 171; 60/298, 1 74 and .60/269,606 
applications are each incorporated herein by reference. 

FIELDPMlP:.IN.VENTION,,,:, I ., . . ■ , 

Thg present inyentipn generally relates to 
exchange processes. 1 1n general, the prQpessesjreplace, water in^a thiophene mixture 
with at least one other solvent. A preferred thiophene mixture is a water saturated 
20 Baytron^** formulation. Also provided are useful articles including organic solvent 
based polymeric coatings as well ;as, methods for ma^^^ 

BACKGROUND OF THE INVENTION 

Thereis increasing, recognition Jhat performance of a wide spectrum of 
25 electronic and .optical articles, can b.e enhanced by including a cpnductive.mplecule. 
Examples of such article^ include anti-,staticicoa^^ ^y.elLas a variety.of 

electronic implementations. See generally Handboqk gn Conducting Polymers ^ 
(Skotheim, T. J. ed.) (Dekker, New York, 1986). 

30 / - Many types gf^ conductive organic molec^^ For 
example, U.S. Pat. Nos. 6,172,591; 4,237,441; and 5,378,407 disclose organic 

. polymers, with a. carbon black or metaUic^conductive.filk^^ . , 

• . • . » • ^1 

. . ^ . Organic polymers that are intrinsically conductive have attracted substantial 
35 interest.^ Generally, such polymers include sp^ hybridized carbon atoms that have (or 
can be adapted to have) delocahzed electrons for storing and^ comrnunicating 
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electronic charge. Some polymers are thought to have conductivities neighboring 
those traditional silicon-based and metallic conductors. These and other performance 
characteristics rnake such conductive polymers desirable for a wide range of 
applications. See Burroughes, J.H. et al. (1986) A^a^wre 335:137;Sirringhaus, H. et al. 
5 (2000) Science, 290, 2123; Sirringhaus, H. et al. (1999) Nature 401 : 2; and references 



cited therein, for'example. 



■ « 



.« c 



• it 



Other conductive polymett haive'been reported. These polymers include a 
many optionally substituted pol>pyrrole, polyaniline, poly^ 
10 ' polythiopherie coinpouiids. See EP-A 302-304; EP-A 440 957; DE OS 4 211 459; 
(j.iS/Pat. Nos. 6;083,635 arid 6,084,040; and Bu^^ ' 



■■'-'5 



There is recognition that many conductive polymers can be used to coat a 
wide range of synthetic or natural articles such' as those made' from glass, plastic, 
15 ' wood and fibers to provide aii electtostatic w Tyjiical coatings can 

' be applied as'sprays, powders ahd'the like using recognized coating or printing 



processes. 



I 



1 1 



However there is increasin^g understanding that many prior conductive ' 
20 polymers are not useful for all intended applications. 



• . t ■ ■ 

_ /■ , ^. - r J- 



■■ ' For example, many of such polymers are not sufficiently conductive or 
transparent for many applications: In particular, many suffer from unacceptable 
conductivity, poor stability^ and difficult processing requirements. Othier 
25 shortcomings have been reported. See e.g, the U.S. Pat. Nos. 6,084,040 arid 
6,083,635. . ! 



There have been attempts to improve some of 'the prior conductive polymers, 

30 For example, a particular^3,4-polyethylene dioxythiophene (commercially 

available as Baytron"*^"^ P) has been reported to offer good conductivity, transparency, 

stability, hydrolysis resistance and processing characteristics. See Bayer AG product 

literature^Edition 10/97; Order No: Al 5593) Inorganics Business Group D-51368, 

Leverkuseh, Gemiany. * •: 

2 
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. . More specific Baytron^'^ formulations haye been repprted for use in specific 
applications. Illustrative formulations (P type) include CPUD2i CPP103T, GPP105T, 
CPPl 16.6, CPP134.18, CP135, CPP 4531 1, CPP 4531 E3 and CPG 130.6. Baytron^" 
M is reported to be a monomer of poly(3,4-ethylenedioxythiophene) and it has been 
^ reported to be useful in the manufacture of organic conductive polymers. Further 
! informatiori'relatirig to using Baytron™ forinulatidiis can be obtained ffom the Bayer 
Gorporatibni 100 Bayer Rd.TittsburghrP See also the Bayer' - 

Corporation website at Ijiayerusicdm* the disclosiire'of which iS' incorporated by - 
reference. 



< jiw- 



'^'Urifofturiately/use of riiany prior mono- and poTythidphene formulations has 



been problematic. 



15 ¥oT exariiple, mariy-iniportant Baytron^" formulations ate provided with 

sigriiiitant aihouht^'df water solV^^^^ In paiticulao-; itnalny Baytrbn*^" P formulations 



20 



> I i ■* « ■ • 



are Tvailatile as water-sa^^ dispersions of the coiidticti ve pbljlm 



Typically; a suitable counts ion such as p6rys£)a-ene sulfonic acid tPSS) is added to 



the dispersioh. There is inci-e4sing reco^ niany, if not kli; Baytrbn^ 

fohnuiatiohs woiild bie more useful if niean^ eViked for exdhanging the watei" solvent 



,TM 



with one or more other solvents of choice.' 



4 Li<r : j frio. 



There have been limited attempts to develop such solvent exchange methods. 
Nearly all of the attempts Mve relii^d on traditibn4i liquid fracfidhation and distillation 
25 schemes. Such approaches ^h bieeii^abie to excliahge the solvent for the water 



in a way that is effective and reproducible.' 



.'I . - 



1 ■ f 



' Flexible electronic device "wn^ has attradted niucfi recent 

attention. An example of such a technique involves dispersing an aqueous arid 
30 conductive thiophene preparation with an ink-jet printer. Typically, poly(3,4- 



ethylenedioxythioijhene) Sopeci with polystyrerie sulfonic aci(i (PEDOf>^ is 



r ■ 



employed. See geiierally Dagni, R. in Chemistry and Engineering^ January 1 200 1 , 
pp. 26-27 as well as references cited therein] 



Iff ' 
. • • t *\ 
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However, these writing or printing procedures have suffered :for want of an 
' effective and reprddiicible means of replacing the water with more useful exchange 
' solvents. ' ^ 'J^^'i: ^'.'^ i^-;- - ; -» ' ; 

There is recognition that many electroroptiq devices, such as light emitting 
. L -diodes (EEEf ts):and photpyoltaic 'c.ellsi>'require electrically conductiye .and optically 
transparent films/coatings as; electrode materials, Presjently, transpar^ent,electrp^^ in 
electro-pptie devices are made of indium doped tin oxide ;(ITQ) coated glass -f : 
1 0 substrates. 



• 1 - ' * 



. . : < , Ho wever/ rnost .priqr^ITO 

For example, most prior manufacturing processes involving ITO are 
1 5 cumbersome and.costly,to perform. An illustration is the need.to conduct vacuum 

I- 

. depositionin a controlled gas. atmosphere. Furthermore,,most prior ITO films are 
brittle, difficult . to prepare and manipulate, particularly .when used in film formats on 
. large area substrates; or .flexible, substrates. -See generallv.Y.^Capj et zX. \n.CpnJugated 
Polymeric Materials: Opportunities in Electronics. Optoelectronics and Molecular 
20 Electronics, NATO Advanced Study Institute, Series E: Applied Sciences, J. L. 

Bredas and R. R. Chance, Eds., Vol. 82, KJu\vcer Academic, HoUsmd See also 

US Pat. No. 5,618,469 and EPO Patent 686,662. 

There is belief that certain .conducting polymers .and coatings may be qualified 
25 for some organic. light emitting diode (OLED) applications. Briefly, OLEDs are 

display compositions based on sandwiching 4eposited organic molecules or polymers 
between two electrodes. Light emission or luminescence occurs when charged carriers 
associate with the electrodes recombine and emit light. See US Pat. No. 5,904,961, 



for instance. 



» • I k 



30 

. . More specifically, a typical OLED includes a metal cathode, electrode 
transport layer (ETL), organic emitters, the HIL, an ITO anode and, glass substrate. 
Light output passes through the glass substrate. 



4 
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. . . f , Eleptrically conductive and opticallx transparent coatings haye been made 
with poIyaniline^j[PANPj(^^^ 56 184^^9). and PEDQT/^ Pplymer 

. ,,dispersion.(Eur Patent 686662).. . . . . . . 

5 . r > Howeven, many of the prior coatings Mye recognized .drawbacks particularly 
in relation to PLED applications. . .. r , , ... . . , 

. . .... As an example, many have. limitations in manufacturing practical electro-optic 

devices. In« particular, it is well known that many PANI systems are not stable. 

1.0 Performance degrades over time. Although.there is.some understanding that, 
performance of PEDOTrPSS-based devices, are. stable, many prior PEDOT/PSS 
polymers are aqueous based. Fabricating PEDOT.PSS coatings onto ITO coEtted 
substrates requires cumbersome manufacturing processes. Further, the hydrophilic 
nature of the.PED,OT:PSS system attracts, moisture, even through the protective 

15 moisture barrier. This characteristic has several disadvantages including premature 
failure during use. i , , , 

It would be desirable to have coating and related compositions that are easy to 
make and use. It would be especially desirable to have solvent-exchanged 
20 PEDOT:PSS compositions as well as methods for making and using same that exhibit 
low resistivity and. are suitable for OLED use. , 



SUMMARY OF.THE. INVENTION, . . 



The present invention relates to. solvent exchange methods for replacing water 
25 in a thiophene mixture. Preferred methods of the invention replace some or all of the 
water with at least one other solvent. Preferably, the thiophene mixture js a 

; .1.3 ' • :v. iivj . •.'It • -J j\, »;.. 

Baytron"''M. formulation. Also provided are compositions produced by the methods as 
well as,useful articles that include or cpnsist:Ofsuchxompositions. The invention has 
a \yide.spectijjm 

30 exchanged) BaytronT'^^ formulations for. use in consxmier goods and electronic writing 



techniques.., f .u^-'-- - ■ .5. r. 
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' As discussed,' it has beeh' difficult to replacie'the%ate^ associated with many 
thiopherie mixtufes^particula^^^ but nof excluisively, mortb-^'and pblythiophehe ^ 



mixtures known as Baytron^" fomiulations. Such forihulitions^ are often prt as 
collodial or water saturated materials. The present invention addresses this need eg., 
5 • by jpiroviciing methods for replacing (exchanging) the water 'witli at least one other 
more desirable solvent. Significantly, the present' in&thods'cah lie cbntrollWd by an 
invention user so that all or part of the water in mixture is exchanged as needed. Also 
signihtahtly,^ tHel^^ ciiri be pfiacti^red'iising 

thereby irijakirig thb invention cbst effective in most embodimentsV 'Pirfefeffed use of 
1 0 the invention expands thie usefiilrieiss^ oif thibphene' mixtures,' pakicU Baytron^" 



formulations, into applications that heretofore have been difficult or impossible to 
practice. 



' * The'^pres'erit invehtiori also relates to* coinpositi6ns,^p polymer 



15 coatmgs, that are easy to make and use. Typically, such compositions are relatively 



stable and involve use of non- or low toxicity solvents. Prefenrea cbmpositioris' 
according to the invention are PEDOT:PSS compositions, more preferably solvent- 
' ' exchW^ed PiEDOTiiPSS'^cbatihg suitable for use in a range of electro- 



20 



optical implemenations including OLEDs. 

" ' I i.'i . .J » . ; ,■ • . ' .4,: ' • 4 .'^ . . I ■ 1 f J - . • \r i \ \ i ' . • ; . 1 • • 

Such compositions provide advantages including good conductivity, high 
optical tranparency and environmental stability. Significantly, preferred compositions 
of the invention can be used to replace indiiim doped tin^bxide (IT(D) coated glass 



1 1 < 



25 



substrates that are part c>f many standard OLEDs. 



■ 4 



Also ehconlpassed by the invention afe^ methods for making airid using the 



present compositiohs. In one embb^iment; the liiethbds iri^ol^e subjecting ' 
PEDOTiPSS compositi6hs 'to conditions that decrease resistivity when' bbmpared to 



• 



' (cbhtrol) bbinpbsitibns ribt receiving subh treatment. ' Prefeireld conditions generally 
30 involve at least one drying h^eatfrient. Also' disclbised are iriethbil's for making such 

compositions in which at least one of the method steps involves drying freatmieht. By 
the phrase "drying treatment" is meant exposure to at least one condition that causes. 



1 
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either directly or, indirectly. Joss of sol vent from the xomposition, preferably 
exchanged solvent. 

^- .ii Th^. drying; ti;eatm^ by ^he^l'^YPP^n provide^ substM^ 

S advantages. . In particular,- practice^ of such treatment steps in the metho.ds of the ^ 
. ; invention provide a..straightfprw^ of improving composition 

perfonnance by assisting solvent loss. . Preferred practice involves subjecting ^ 
conductive/ coatings of the invention to, ambient ,air^and/or heat treatment, to, help 
remove solvent, and has-been discovered, to help improve performance characteristics 
10 .-such as resistivity^ . Significantly, such drying treatments are compatible/Nyith most , 
i .manufacturing processes. and can be scaled-up; as needed.-. More specific. infomiation 
. ^labout^the dndng treatments, is provided in the, discussion; and. examples following. 

; . iThe inventipn also features electroTopticat implementations; that include: at 
15 . least one.of the compositions disclosed herein includingvpreferred,EED.OT:PSS ; 
^ compositions.r An illustration ofisuch.ani implementation is.an^QLED. orrelated . 
1^ de vice;! ; Such ;QLEPs re4uqe,pr.^ 

» whilei prpvijling coatings; wi th improvied .performance, ,features, espejcially, resistivity. 
As provided below, it is an objiect- of the invention to.replace prior ITO components 
20 with at least one of the compositions of this invention provided as an OLED hole 
injeption.layer^H^^ ^: -v . , ^ ^ q - 

. Accordingly, and in one .aspect, the invention .provides methods for., , 

• . exchanging,(in whole, or, in. part) the. water present in a thiophene, mixture with at least 
25 one, other solvent. Ajpreferred.mixture includes at least pne. thiophene,. preferably an 
. optionally substituted mono- or polythipphepe,. more. preferably, a. water saty,rated 
Baytron^" formulations In one .embodiment, the methodancludes^at least one and 
, preferably alJiOf the followin^^^ -v, . . , f 

a) heating at least one solvent in a.vesselunder conditions .suitable for :.. 
30 vaporizing water, 

b) contacting the heated-solvent with the thiophene niixture (comprising the 

water and at least one optionally substituted mono- or polythiophene), which 

contact is sufficient tq remove at: least part )0f the water from the mixture as 

,vapor;!and. . . • , . . 

7 
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■ c) " exchanging the water removed from' the mixture with 'the solvent. ' - 



Preferred practice of the invention involves heating the solvent before contact 
with the thiophene mixture, although ih some invention eriibbdimerits substantially 
5 contemporaheous' solvent heating may be desirable^ Prefeifed^heating conditions 
'favor production bf water- vapor from the mixture. Without- wishing to be bound to 
theoryj it is believed that heating the^sdlvent befere the c^ to-reduce^" 
pixjlbriged contact betWefehlhe thiophehfe'niixtur^ exchange solvent. * Such 

limited contact Has many beriefits* including enhancing water loss froriilthe 'mixture 

1 0 and inci-eaisihg- exchange 'Wit the heated solvent .{ In cohtriasti prior practice has been 
limited to 'more traditionar distillation gcfieriies -featuring graduial liquid Heating land 
fclose' solution contact. These schemes are hot Mwiays designed to. miiiimize contact 
between the exchanging solvent and the thiophene mixture. Such limited contact is 
■also-believed- to ri^duce'of avo binding potential (cbvalent -and noh-tovalent) 

1 5 betweenMthe^watef a^ solvent; • Such binding is'beli'eVed to have impeded 

many past attempts tb^Yedui^e the'^atoouhtbf of elimiii^^^ frbm^^sbme thibphene 

mixtiifesi' ' A's will becbirie mdfe apparent froin the folio wing dikciissioh; these and 
other features of the invention provide fof m^^^^^^ excharijge than has 

hei-etbfbre been pbssible, particularly with many Baytfoh^'^ formtilatibns. ' t " ^ 

Additionally preferred practice of the invention involves maximizing the • 
contact area of the heated solvent with respect to the contact area of the thiophene 
mixture. Without wishing to be bound tb any theory i it is believed that by increasing 
' ' 'the heated^Soivent contact area relative to' that of the thiophene ihixtibe, it is pbssible 
25 • to^bobst heartfahsfer from the exchahjge solvent to the mixture, hi this iiiventibii 

eix^plei the relatively lafjge heated sblvbrit contact area helps to transfer heat quickly 
arid efficiently from the esxcliahge solve to the mixture. This ihvenlibri feature also 
helps to achieve an invention objective ie, the reduction' br elimination bf unwanted 
binding between- the water arid' exchange solvisn^^^ ' ^ 



. ; J . . i The invention provides many' other important advantages.^ ■ 

For ^example, in another aspect^ the invention prbvides highly useful 

compositions that include or consist of at least one of the converted- (solvent 

8 
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exchanged) thipphene mix tures. A preferred conVjerted thipphene mixture is. derived 
from an: optionally substituted monor^o^^ particularly aBaytronTff i 

. .. formulation in.which the water solvent has^be^en, totally orpartiallyjeplaced iwith at 
/least one other solyent.ijJn. this invention embpdiment/.i^^ 
5 . iconyertqduthiopheneiniixtures feature better electrical conductivity: than .corresponding 
unconverted <cpntrol) mixjtures.-; .Significamly,iSuchibetter conductivity Js achiejyed 
with films and coatings: having. less:thiclaiess:thm^ cpatings 
^ made frorii many BaytrohT^" formulations. 'Without.wishing to be bounds totth'eory, 
tpreferred:practice of ithe invention- is ^believed to provide .for more conductive, polymer 
1 0 chain orientations. This and other features of the invention will help expand^the use' 
of the Baytron^" formulations into a variety of applications in which good 
' ■ conduct! vitylmd miriim'^^^^ d^ired:'*If-ha5'alsd been found 

^^• •that^ converted thiophMe mixtures of the inven^^^^ improved stability'to- air 

^ ahd'mbistiife compared to correspondirig unconverted (control) mixtures. • * * 

; ? roTuming to'the iriventiori methodsV'itwillbe und^^^ 

increase thexontabt areia of the 'heated solvent; by . one lor iaxombination of strategies. 

' : J I nFor exampre,:in:.onesembodimenti the foregoing :Solyent .exchange inethod 
20 x< ./further includes adding :about l ainit volume ,of;the Jhipphencmixto^ }/ 
^abput one unit yolmne of .the^heated- solvent at-least about 2:-umtyplumes, of {the 
heated solvent per imit volume of ithe. mixture.:^ TheJ|arger heated, solvent yplurne 
provides the relatively large heated solvent contact area to move heat effectively from 
the exchsmge.solvent/tOjthipph.e^^ i . jv.,... - : ' 

25 /' :j/'.. v.m' -Da :>r;- -^^i; -i^ r !'i ■. -ro* :..•;5^^.^s •/* .x't^ 'nc .c..^ :cr : 

; The heated solyent,:thiophene mixture (oribpth), can>e provided in, forms so 
that the :heated[ solyentihasv a relatiyely large contact area .when compared to ^the/ . 
. ; mixture? As an; example^ the contacting* step of theiinethods can be adapted* to. include 
: ; o adding the thipphene vessel, as ai flow strpam, mist,^aerpsplj or-a- , 
30 . conibination^thereof having the.J^^^ b ^ . : ; . i ; 

- ; . i^Eypically, but not exclusively, the heated exchange solvent is proyided as a 

pool in -the vessel which pool has. the relatively; larger, cqntaet area relative t,G:the, 
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' ' added mixture. Addition of that mixture to the vessel- can be cdhtihubus or * ' ' 
discontinuous ashedded e'.g.j as a-seniiTContinuous flowstreani W as of the 
mixtuTe added to the pool ot^heated solvent- Iii another exainple,^the contacting 'step 
-ofthe method includes dispersiriglhe-mixture-along the?surface of the heated solvent. 
5 ^ ^ 'Such^dispersal^an be continuous or semi^continuous to further assist ^arid maximize 
* > the contact areia of the heiitecl?exchange-solvent telative to the thiophene mixture: 
^iThis example of th^ invention may be especially useful in instiances in whidhithe 
/^excHange.solvent? the mixtiire (or tooth) are available in limited quantities.»'tF6r some 
... \ applications, it may be^desirablq to add:the mixture belowMthe surface pf the heated 

10 ... r; solvent;^; -Uv^t! |t :»cjl.r. /rr ■ . . .):. } \. 'O^^^ ^^i,-- :- i;v f>o;i • 

i\ t J i ro^ t^^jXhe methods.,ofthe, inventipniare generally flexible^ and can bejused.to/replace 
allpr paitipf the w.ateri in a^subjecjt JJiiophene; mixture jwith?at;leas Qther^desired 
solvent, ^hisvfeature of thje%yentipn furtherj enhances thejUtilitypf many optionally 
15 substituted mono- and polythiophenes and especially many of the Baytron^*^ 

fforniulations. iBy waylof illustration and^not limitation; the invention can be used to 
^ ^replace a pre4determined amoimt of water in a BaytrbiiI",'M or P formulation with at 
least one other solvent including a combination of different solvents. It is thus 
possible to' make-many new thipphene mixture's and particularly: a wide ^variety of 
20 ' converted (solvent exchaiTged) BaytroriTW- formulations.^ Such convert^ formiulations 
" ' Having' a pre-^detem amfcyiult of water exchiahged f6r*solvent- or combinatidri' of 
solvents cia&i be used in a ratage^^^ • ."^ > 

As will be appreciated, the invention is comj^atible with al wide spectrum of 
25 solvents. Typically, the exchange solvent will include one solvent. However, for 
some applications it -will be useful tb^employ a combinatioii'bf solvents ab the 
excKarigmg medium "e-g^ two to 'six solVehts;ipreferably about two solvents: Ifi- • * 
- another embodiment^ the ihvehfion methods'cari^be adapted so^that all Pr part of the 
water in ^ a thibpKerie= mixture is "exchanged for a' first solvent (or sol vent combiiiation) . 
30 If the resulting converted thiopheiie 'mixture includes uhexchahged water, that water 
can be further exchanged (fully or partially) with a second solvent (or solvent 
^- combination)^ thfereby making' a further cPnverted ihixture. Further solvent exchange 
can' be perfonhed'as needed'.^ -Choice of a particular solvent exchange procedure^ 
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I according :to the invention willby guided by recognized- parameters including the use 
for which a particular converted thipphene mixture js intended. . . - • 



30 



- . . More, specific solvents of the invention. include those that are stable ,to heat 
5 .conditions favoring y/ater vaporization. A more preferred solvent or solvent v. . 
combination for use in the method has ajbpiling.point pfcat least about lOOfG at 
: -Standard pressure (1 atmosphere (atm)). ^However in embodiments in. which'the 
water solvent can be vaporized below or above lOO^C other solvents may be more 
desirable e.g, those? having boilihg'points below or iabove lOO^C at 1 atm: Exemplary 
1 0 ehibodimehts incliide practice of the method in which the vessel has an internal 

pressure less or greater than about! atm. More specific exchange: solvent examples 
include polar and non-polar solvents as well as solvents that are miscible or insoluble 
in water. 



. y , > J . 



15 ' As mentioned;^ the iriventibn provides coril^ 

' with at least l3ne of the converted (solvent exch2mged) thiophene 

to the invention i ^In one erhbbdimehti the composition ^is an azeotrope. Thiat isy the 
composition cannot be separatied by fractional distillation into two br'more pute 
substances. Such azeotropes include maximum-boiling azeotropes in which the 

20 boiling point of the heated solvent is raised by contact Avith the water solvent. Also 
included^ are niiriimiim-boilirig iazeotrdpes in which the boiling point of the heatied 
solvent is depressed by contact with the water solvent: 



♦ - : I . : . - - ■ ' ' 



Prefeired compositions of the invention feature an electric 
25 is at least about an order of magnitude larger than the corresponding unconverted (no 
solvent exchange) thiophene mixture when measured according to standard 
proceciiii-es. . Particular converted polydioxythiophenes of the invention such as TOR- 
CP exhibit a conductivity increase that is about one to two orders of magnitude 
greater than Baytron^*^ P. 

In another einbodiment, the invention featiires ihore particular methods that 
include forming a composition from the mixture, preferably a coating composition, 
and subjecting that composition to at least one drying treatment step as defined herein. 

11 
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Preferably, the drying treatment is perfonned after step c) of the method (ie. solvent 
exchange step). Such treatment may be performed once or more than once as - 
needed. More preferred drying treatments involve significant exposure to ambient 
' room temperature or higher temperatures sufficient to remove; solvent from the 
5 composition. In embodinierits in which more than one drying treatment is desired eg., 
two; three or four of such- treatments, the drying treatments may be the -same or * 
different as needed to achieve a particular' result . . In such embodiments, the drying 
treatments can becperformed'in a tandem or discontinuous format. Generally^ but not 
.exclusiyely,'drying treatments of less than about one to two days :are suitable for most 
10 invention applications- Less than about* several hours, preferably less than a few 
hours will be preferred for most invention applications, Compositions produced by 
; such methods are also- featured herein. , . /)• . . q - .^ ; . 1. - ■^'\ 

In yet another aspect, the invention provides conductive materials, particularly 
15 coating materials, and. filnisvtha^ or consist pfthe comppsitions provided by 

this invention.! Preferred films suitably includeiat least one-polym or 
. mixture thereof.sych as those disclosed belo>y ,Such conductive materials are .well- 
adapted for use in anti-static, or electrostatic appli^^ ... . ; :r ^ . 

20 : ^ ' V ' . . Also featured are conductive coatings that, include or consist of the , i . 

; .compositions provided .herein,' preferably configured as.^a.layer having, at least one of 
the following performanceicharacteristics: :l)igood resistivity;./?) good surface.; 
resistance; and 3) good optical transmission. Preferably, such compositions exhibit at 
lejast good resistivity. Examples of preferred conductive coatings are provided in the 

25r; discussion that follows. . v; • 

<; < ; Also provided by the invention are articles of manufacture that include or 
consistpf at least pne of the compositions and coating materialsrof this invention. 

30 In one embodiment, the articles are electro-optical implementations and 

.rpreferably organic light eniitting devices (OLED) such as those provided below. 
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; In vanother aspect, the invention provides useful methods, for making an 
electronic, implemen^^^ "writipg"^,or "printing", which^methods 
includaat least one and preferably all of the, following steps: 

a) contacting at least one of the compositions disclosed herein with a 
5 • ^. first, polymer laj^er,.. . 

b) dissolving atJeast a portion of the first polymer layer with the 

. . , cpmppsitipn under .conditions, forming a hole, typically a yia-hple or 

L 

interconnect, in the first polymer layer; and 
. c) evaporating the solvent in the composition to make the electronic 
1 0 implementation. 



The foregoing method for making the electronic implementation has important 
advantages including providing better control of solvent surface tension as well as 
enhanced writing or printing alignment of the hole. Also provided are electronic 
15 implementations and manufactured articles produced by the method. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a graph showing optical transmission versus surface resistance of a 
20 vxonvertedXsolvent exchanged^ TOR-CP XJritpn;AQ.R^ Polymer; 
made from conMerted Baytron"^?*. B)::and.Baytron P (neat); The TOR-GP was filtered 
or non-filtered. 

Figure 2.ds a graph showing volume resistance comparisons, of TORtCP* 
25 exchanged with N-methylpyrrolidone (NMP) in Matrimid^*^ (Ciba) as polyimide; 
TOR-GP exchanged with di-methylacetamide'(DMAG):iniTOR^^ 
Resistant polyimide); and TOR-CP exchanged with NMP in TOR-NG; 



• -Figure 3 is a graph showing bulk 'filmUight transihission versus volume 

30 resistahce)for the polymers described in Figure 2, above. : . ^ ' ^ • ■ - 
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Figure 4' is a table showing datia from eight (8) samples of Baytibn^" P 
exchanged with NMP. The data provide doriductivity/ viscosity" solids Content, 
particle size distribution, transniissioh,'pH, density, arid water content paranieters. 

5 Figure 5 is a table showing data from eight (8) S£uii{iies of Baytron^*^ P 

exchanged Witfi NMP. The data provide conductivity,' viscosity, solids content, 
particle size distribution, traiismissich, pH, density, and water content parameters. 



Figure 6 is a table showing data frorh 'ten (10) samples of Baytron™ P 
10 exchanged with NMP. Also shown are data from six (6) sampleis of neat (non-solvent 
exchanged) Baytron ""^^ P. 

"J I . ■ . \ . ■ . • I. . » ' ^1- ; ■ . ■ I • * ^ » 1 i ' • ■ • • , , \ \ . i •■ i' 

Figures 7A, 7B, and 7C are tables showing data from selected samples of 
Baytron"^*^ P exchanged with NMP or DMAc. Drawdown surface resistances are also 
1 S illustrated. 

Figure 8 is a formulation performance table showing thickness and resistance 



properties of several TOR-CP batches. 



20" - ' ' Figures 9A-D are graphs showing resistivities^^^ 

^ and Baytrbn-P on glass substrates as a* furictiotfof coating' thickness. J^^rr 

Figure 10 is a graph showing optical transparencies of spin-coated films of 
TOR-CP and Baytron-R on glass substrates as^a function ofwavelength.^ 

J Figure; 1 1. is a graph showing performance of a OLED of the invention made 
with TOR-CP as a hole injection layer (HIL).' : . : •; > . r. / .» ; jv^•; r, -r. -'^ 



I" » 



Figure .l-2 is'a table showing resistivity and surface resistance.data for selected 
30 TOR-CP and Baytron-P samples. .The data .generally show that TOR^.GBj features 
better surface resistance and resistivity characteristics than Baytron-P. 



Figure 13 is a graph showing surface resistance of CP coatings and Baytron P 
on a PET substrate 

14 
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* 

Figure 14 is graph showing light tran^mittance of CP coatings and Ba>^ron P 
on a PET substrate. 

5. . . Figure 15 is a table showing data in, support qf Figures 13 and 14. ; . , p 

.Figure 16.is a graph showingLn-Ln.conductiyity,^ Tor-CP .and Baytron 

* ■ • < • - • - 

10 Figure 17 is also a graph showing Ln-Ln conductivity data of Tor-CP and 

Baytron P at various temperatures. 

i ! 

• «. 

• 1 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

-. ■ - - > 

• ' 4 

15 As discussed, the invention provides highly useful methods for replacing some 

; 

I , 

or all of the water associated with many thiophenes, preferably optionally substituted 
mono- and polythiopherie mixtures. More preferred mixtures include Baytron"^*^ 
formulations provided as M or P type. The invention has a variety of important 
applications including providing electrically conductive compositions useful in the 
20 * maiiiifacture of anti-static an^d^^ capacitor eleidtrodeis (tantalum 

and alumihum^for exam ahcf thrbu^-hble plating of printed circuit bbafd^ 
(PCBs). FiiAh^r uses and advantaged of the'iriverition ate discu^^^ b^low! • ^ 

* ' ''By the tetm "converted" "sdlverit' exchainge"; "solvent exc^^ or like 
25 words or phrases is meant replacement of some or'all of tHb water associated with the 
thiophene mixture for a desired exchange solvent (or combination of solvents). 
Preferably, the replacement of the water is at least about 30% (w/v) complete, more 
preferably at least about 50% (w/v), even more^ preferably at least about 90% (w/v) 
complete, most preferably at lieast about 99% (w/v) complete with respect to the total 
30 volume of water originally present in the mixture. As mentioned, it is an object of the 

; // V. i 

invention to reduce the amount pf water present in the thiophene mixture sufficient to 
replace at least some of that water^and sometimes essentially all of the water with a 
desired volume of the exchange solvent or solvent combination. For many invention 
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20 



applications, substantially complete substitution of the desired solvent or solvent 
combination for the water in the niixtiu'e wilLb6 generally preferred: ' 



The invention is fully compatible with a wide range of thiophene mixtures. A 
thiophene miikture refers* to 'a iiiaterial' that includes at least^biie optionally substituted 
mono- or polythiophenes thiophene as disclosed herein which mixture preferably 
includes wiat^r and optionally' other cbmp a^^'but iidt limited to, 

counterions, stabilizers, ect. Preferred are cationically charged monddioxythiophenes 
and polydioxythiophenes represented by the following formulae I and 11: 



* I » ' 



J*. • 
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w^hereip Rl and H2. each independently, i^^^ an optionally / 

substituted Cl-Cdalkyl group, , or together form an optionally substituted ,G1-C6 
radical, preferably a methylene radical whiph is optionally substituted by lower alkyl 
groups, an ethylene- 1,2 radical optionally substituted by CI -CI 2 lower alkyl or 
phenyl ^oups, or .an. optionally substituted, cyclohexylene: 1 ,2 radical, n^is 1 ; and the 
polythiophene is represented by the. following, formula (ff): , 



' ■ { ' 



I » ■ 



• i 



.J 









. R3O. 

> X 


- ■ J' 






, i { • • • : 

» • , s. . . 
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inj Avherein R3. and R4 each independently represent hydrogen or anipptionally 
s.ubjithuted <31-!C6;^alkyl group, or togjsther fonn,an.qptionally sub ClrG6 
5 radical, oreferably, a methylene radical which is optionally substituted by lower alkyl 
groups,van ethylene- 1 ,2 radical optionally sub|stitute4bx QhCll lower; alky hpr 
; phenyl groups, prian optionally substitutedxyclohexylene-l3,2 radical.: Prefei:ably, nl 
in porrnula 11 is greater than. 1^ preferably about 2 tp ,abp,ut ;10,000, with feetween from 
about 5 to abAMt SPOQ ;being preferred for;niany applicatipns. ■ : *i. «. . 

10 

. i • . . ;By the term "pptionally'Substituted" is meant substitutipniwiththydrogen, 

^substituted;or unsubstitute^ (,G1 -018)-alkyl, preferabl>5(Gl -C (CI 
. .G6)rallcyl, (G2 .C12)^aUcenyl,^prefer^^^^^^^ 

preferably cyclppentyl.pr cyclphexyl, (C7 r,G l5)Taralkyl, preferably phenylr(Cl' tG4)- 
1 5 alkyU: (G6 -G 1 0)-aryl^ pr.^ferably pthenyl or, naphthyl,tCG 1 . 1 8)-alkylpxy, preferably - 
: .t(.Gl cG1.0)-alkylpxy, for, example methoxyjiethoxyj Ur or isp-prpppxy, or (C2 rC18)- 
alkyloxy ester. Exemplary substitution groups include halogen, particularly chlorine, 
i fluQiine.and brpmin^;. Ipwer alkyl,,alkenyl,calkynyl,;pr^.al^ 1 to 6 carbons, 

hydroxy, ketp,; ally li;and.sulphpnate, f ,. . ^ . - 

: /; , ;i/More specific examples pf the m^onp-, 

reported in U.S. Patv Ijlps. 5,766,51 5, .6,083,835,^ 5,3pP;.575, .6, 1 57,479!,'iEP-A<440 957, 
EP-A 339,340; the disclosures of which are /incorporated herein by Teference. 
Particular thiophenes of interest may, but do not necessarily include, one or more 

25 organic compoundsicpntaining dihydrpxy pnpplyhydroxy, .and/or carbpxyl groups or,; 
amide groups e,g;,^.lactani, groups tare N^methylpyn'plidonei,pyiTolidone, caprplactam, 
N-methylcaprolactam, N-octylpyrrolidone. In embodiments in which such organic 
comppimdsvare desired, the monoy and polythipphenes^will.jfmthe^^^ sugar and 

sugar deriyatiyes such as sucrpsei, glucose* fmptpsei J^ 

30 . sorbitol,. mannitol; :£uran derivatives such as 2rfurancarboxylic acid,/3,-:furancarboxylic: 
. , acid; alcohols such as ethylenie glycol, glycgrol, di- or itriethylene glycpL . See the U.S. 
Pat. No: 6,083^635, for example, i ..* . . : , . ^ j .jU 
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In many invention embodiments, the cationically charged 
monodioxythiophenes and polydioxythiophenes of Fomiulae I and II above, are each 

• assobiated wittf one or'mbre suitable'pblyanibn the anions 
df polyrtfdric carboxylic acids such'as pdlyacrylic acids, Jiolyrniethaci^lic iacidk or 

* pblyriialeic -acids op of pbryhieric sulphohib iabids such as polystyrenesulphbnic acids 
and polyvinylsuiphoniG addsi^Th&se p polysulphoriic acids can also 
:be= copol>TO*ersS b^^^^ 

■ mbnoimers such as aery and styrerief^The ahibn^bf pblystyrehesulphbnic acid 

is particularly preferred^as couhteribif in ^m^^ ^ ^ ^ ' 

10 

!i .j: The molecular wei^^^^ the pblyanibrisls preferably 

froiiia OOO tb 2;O0€,OOO;p^ JZOOG^to l5OO;OO0l^he pblyacids 

or theit-alkali metal)salts d-e c^^ 
-' "^ ^ arid'polyaciyliG acids; or 'else ciari be^jprepared by kribwii m'ethblds. Other Suitable 
1 5V ^^^pblyanibns include friixtures of alkialJ metal salts of pblyacids and corresponding 
. Eunounts of mbiibaeidsr See the1JrS;>Pat/Nbi*6,lS:7v479 imd references cited therein. 

..wr ys' d Additioriaiy preferred thibpheries acco^ 

include those in which Rl, R2, R3.and R4 eachihdejiende^^^^ 
20 or together form a CI -C4 radical. More preferably, the monothiophene is an 
•bptibnaliy substituted mb^^ 
c ^ dioxythibpherie. ^PrefcCTdd pbiythibphbn^^ includfe i)oiy-3;4^alkylene^diox 

preferably pbly^3i4-etHylerie»dibxj^ .s-- ^.i' 5^ l f 

25^ :.ivic.v:: • See alstf UfS/ Pat: Nbs.^5,;294,372^a^^^ ' ^ 

Other preferred thiophehles^^m^ and polydioxythiophenes. !■ 

' . . ' i: ; • sMore ispbcifically'preferiredi monor iarid polydioxythiophenes: atbording to the 
- inveMibn are'BaytroriT" fbrmulatidifi'(Bayer eoipbiatibn, 100 Bayfer-Rd.-Pittsburgh, 
30 • ' pX 15205-974 1): SiScK'pblyiiier fomiulatiohs are* ffe^'drted ttf be' Highly *u^6fiiinn the 
manufacfui^e^bf organic cbhductiv^ pblymfers. Specific examples'bf such fbnhulations 
include, but are not limited to, those designated as M or P fbrmulatibris/ Preferred P 
type formulations include CPUD2, CPP103T, CPP105T, CPP116.6, CPP134.18, 

18 
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CP135, CPP 4531 J, CPP .4531 E3 and:CPG :13Q.6. ^..preferred Baytron^jM .o 
formulation is a monomer of poly(3,4re.thylenedioxythiophene). ; r 

, • ; . . ^ Although Jt will often be helpful tQ convert theiBaytronT'^^ 
5 correspondiiig polyriieric form before practicing the invention; use of Baytron^" M in 
c -the methods of this invention is conternplated pafticularlynn cases in which solvent 
' exchanged Baytron^" M formulations fare desired.^^Prdcedures for cbriveiting > - * ' 
Baytroh™ M ui its polymeric fbrrii Have been discldse^ the Bayer Coiporatioh. 

10 ' « :•: Seeaisb the fb^^ examples *6f suitable 

substitiited br unsiibstituted thibpfiene^containiiiglib Pat, Nos?^^- - ' 

4,731,408; 4,959,430; 4,987;042j^;03S:926;^ 5^300^ 5,354,613;^" 
5,370,981; 5,372,924; 5,391,472; 5,403,467; 5,443,944; 5,463,056; 5,575,898; and 
' 5,747,41^; the-disclb's\ires of whit^^ 

' ' • As discussed, tKe^^^^^ is fully cbmpatiM^ of a wide< iuray of 

solvents mid solvent 'conibirikibns^ choice of an ekcii'i^'ge sblve^^^ or'^ 

solvent combination will be guided by recognized parameters including intended use 
' for the ton raibno-' 6r pM>^hibphene/ A more specifi 

20 exkniple bf such a solvent is 6nd that iis stable (ie: does riot decade) to af least about - 
10b**C kt standki-d templierature^^^^ (STTP). A'prcfebed'sblv 

isbetween'f^om aboir^lOO^^to abc^ Additic/nall^^^^^ 
can lie fiilly or partially water soluBle 'or water insolufele as'needed/^By 'tK^ " 
* sbiveht bbmbina^^^^ meant at 1 eUst twb riiuihially m^ 

25 preiferably two, three or four of such solvents. ' - • 

More examples of suitable solvents include lower alkyl acetamides, lower 
alcohol^ ihciuhiiijg'dibis arid' tnbls,^ pyiTbiidbnes,lbwef ailk^^^^ higher 
* alkyrpyiTolicion^^^^^ lower alkyV sulfoxides; as well as'niixtures therebfr' A^pref^fred 
30 lower alcohol 'is glycbl or glycerih. Suitable ibwfer alkyl sulfoxides includb' ^ ^ ' 
diniethylsulfbxide (DMSO). Specifically preferred sblvents for many mventiori 
emBodimfentVMe d (DMXc) and N-hiethylpyi^biiiidne (NMP). By 

the teftn "lower alkyl" is m6iht' between frbih aboiit'l to 20 carb'oii atdihs (braiiched 

19 



W6 02/067273 PCT/US02/04679 ' 

orstraight chaiii)/ preferably about 1 to'about 10 of such carbon atoms, more i 
preferably about Mo about 4 of such' carbon atoms. ' .j • u 

More particular solvents and co-solvents according to the invention will vary 
5 . e:g:, according to intended use, Example pf such co-solyents and solvent 

, . but are:notclimited to, acetonitrile,..hen2onitrile, lo\yer,alkyl cyanpacetatesrpreferably 
methylcyanpacate; haiogenated methsmes, preferably dich ether, 

flower aUcoxy pAme^ preferably dimethoxyethane; N,N.dimethylfom 

" * • « » ' 

nitrobenzene, nitromethane, propionitrile, and propylene carbonate. By the term 
1 0 ..il^owerialkoxy;' is meant methoxy,, edb^^^ propoxy, isoproppxY, butyoxy; preferably 
methoxy A^pre/eired halo.genated methane is partially .qr fully chlprinated .or ; 
bronimated e.g;.,,dichl^ v \ . . .U . - . 

One or more of the foregoing preferred: solvents,can be combined to provide a 
15 solvent combination. An illustrative solvent combination would be a mixture of NMP 
and DM Ac,, eg., a 50:5,0 (v/y),mixture of those tNyo.solyents. tChoice of a particular 
solvent-combination.wiU be.guided by intended usjEspf the converted thiophene. 

. *':^f- '-.U^ -i^'^ ;/* • • Vyv^i • '^^ h i\f\^xyyM X b'.bi.';- >r* • ^5 !i:^"^>; 

, , . ,,,As,mentioned preyipusly, the inyent^^^^^ and .can be performejd;by 

20 . use of one or, a combination of strategies. Preferred practice of the, inyention involves 
obtainins.a suitable solvent or solvent combination and adding that solvent to. a 
vessel. Typically, the, exchange solvent or combination is.heated in the vessel to a 
temperature of between from about lp0®C to about 250®C. .In most invention 
embodiments, the vessel conditions further include exposing the, solvent to a pressure 
25 of about 1 atm, although greater or less^pressures may be more suitable for other 
applications. 

» Subsequently, about 1 part of the mixture comprising ^the optionally 

. substituted mono- or polythiophene to at least .about 2 parts heated solvent per niinute. 

30 Preferably, the addition step further includes adding about. 1 part of the mixture to 

between from about 2 to about- 10,000,000. parts heated solvent per minute, preferably 

about 3 to about 100 parts of the heated solvent per minute. Preferred contact 

between the heated solvent (large yoltmie) and the mixture.(smaller volume) moves 

heat quickly into the mixture sufficient to make the water vapor. In this example of 

20 
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. the invention, the Jarger solvent, volume (relative to.the mixture volume) facilitates 

ft 

heat transfer to the mixture and production of .water yapor.. - . , 



... In. a preferred embodiment, it is helpful to collect the water .vapor from the 
5 mixture as a cpndensatq orr^distillate separated firom the vessel. Preferably, a chamber 

. or, trap is used to catch and retain the condensed water;>vapor. The jtrap can be 
J, . configured ;With.a,c9pling,appai:^ such as. a cqoling condenser to. assist . , . ; 

condensation of the water yapor if desired. In embodiments in which the.trap.is used, 
it is possiblejq measure the amount pfjwater,collected,tth^ quantitation 
10 . of the water yaporicaptured from the mixture* entering^ the vessel. This, feature of the 
invention provides many advantages eg., it allows the invention ^user to monitor the 
amountpf,water.removed from the system as. the solvent -exchange process occurs. 
Moreover,- the user;can control the duration and extent o.f^water solvent^removal eg., 
by adjusting the, heat of the exchange solvent and/orflow of the mixture into.the 
15 reaction vessel. Thus, the user can readily quantify solvent replacement by simple | 
, inspection, of the >yater,coilected^^ The^precise.amoimt^of 5^ removed 

. from the .mixture as vapor will vary depending^e.g., on the intended use for the ; 
I T. . converted- mixture. 'PreferabWy less than about J OP%(w/vO. of .the water sis removed 
M from the.mixture.asrvapor, more preferably, between from about 1% (w/v).to about 
20 95% (w/v) ofthe water is, removed. 



specific adaptations of the foregoing methods can facilitate the solvent 
exchange process. 



w * * f * * 



25 For example, it will often be very helpftil to provide conditions of high sheer 

mixing between the thiophene mixture and the exchanging solvent. Preferred 
conditions reduce.or prevent agglomeration (congealing) of the Baytron*^" P beyond a 
particle, size of about 1 micron.. Many BaytronJ'!!' P formulations, are provided as 
dispersions, in.which each.particle has a size of about 1 micron. .In embodiments in 
30 whiph the high sheer mixing conditions are employed, presence of unsuitably large , 
. . . ' particles and, agglomerates can be reduced or avoided. . The converted Baytron^^' P 
formulations can have much.better .uniformity. A wide variety, of mixing ^ . , . 
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implemehtatiohs can be used to provide such'high sheer rhixting conditions. Specific 
examples of such implementations are provideid below. • 

In niore specific example of this invention embodiment, the method further 
5 includes contacting'the heated siSlvent with at least one nbri-reactive gas; That gas is 

- ■ ^ 

typically added to the vessel-a^ a flow or jet'stfeam to facilitate'renioval of the water 
solvent froin the nuxtiire. ':Pfeferably, the gas fl6w-:is c6hfigured-t6 assist movement 
of vaporized water toward axhlmiber of trap' as described bel6w> Examples of 
suitableigases include' nitrogen, a noble gas (He; Ar, ect.);' dr a mixture thereof If 
10' ' desired, the gas can be^re-heated to about the temperattire of the heated solvent to 
minimize cooling of the solvent ih the vessel. The gas can be aidded to the vessel in 
several ways ihcltiding usle of tf gas pump. The*. volume of gais iri^ into the 

' vessel wiirvary with intehd&l use but^w for good 

reirioval of water vapor from the '. . r • 

' • - - ' After a desired amount of the water is replaced by the exchange solvent or 
solvent combiiiaLtioii, the converted thiophene mixture is coirected from the vessel 
' geherailly-as a dispersionf^Iri'a^part will 
^sseiiti^lly cbnsist of NIVDP and Baytfon^'^ P;^bf DKlAc and Bayti-onT"^ P;^^^ ethylene 

20 glycol and Bayton**^*^ P . Such dispersions accoi-din^ to the invention are well-suited ' 
for the uses disclosed herein including those specific applications intended for 
Baytrori'^'^ loririurations. If needed, the solvent exchange methods of this invention 
can be repeated e.g,. one, two or three times, with the already doriv^ffed thiophene 
mixture to introduce one or more other desired solvents therein including 

25 combmations of the same or different solvents. 

■ • - , .." ; • 1. ' ^ J,. J. I .J.*' ...... ■ . . • ' ' ; ' M ^ • • f ■ I : . . 

A more specific solvent exchange metiiod according tb the invention involves 
exchanging di-imethylacetam 0MAC) oi- N-nVethylpyrrolidone (KtilP) or ethylene 
' glycol for water in a colloidal water dispersion'that mcludes'at least one poly-3i4- 

m • r J ' 

30 ^' ethylene dibxythibpheiie preparatidh. 'Ari^ exaimple of a preferred preparation is 

Baytr^oh^*^, preferably Baytoh^'^ P. In one ihventibh embodiinerit, the method includes 
at least 'one and preferably all bf the following "steps: 
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: J* 



. ) a) heating an amount dirmiethylacetaniide (DM AC), or N-methylpyrrolidone 
(NMP) or ethylene glycol in a first vessel to a temperature of bety/een from 

about lOO^C to about 250^C, 
V f b) (^ontacting the heated dirmethylacetamide.XDMAC) or N-methylpyrrolidone 
y, ; ^ (NMP;) or ethylenie glycol Ayith an amount of the coljpidal water dispersion 
M«<^pmprising-waterand po^ dioxythiophene, wherein A^^^ 

"dispersion.is? added to.'the surfaceof the heated^ solvent at ajate of between 
4 from aboM.P4 tQ^ about IQOOtoI^^^ 1 to 100, ,^ r. 

mis/minute, more preferably .about lp. mls/nunute,;>th^^ ppntact beingjsufficient 
to remove at least part of the water from the dispersion as vapor; and m : 

.e) exchanging the, water rempyedt from the dispersion jas yapor with the di- 
f ' methylacetamide (DMAC), orrN:methylp>yrrplidpne>(l^ or ethylene .glycol. 



,. r-i.Intpne .embodiment.^ th,e foregpjng mejthp^itha^^^ 

15 removing,atleast;Raitp.f the:.^^^^ 

ryappr.pan be^cpllected pr condensed j^jnto a second yessel (ie., chamber or trap) that 
includes at least one cQ.TSolvent. [ Thecpp-splyentigan be^the same .or differe^^ the 
1* exchange splvent .usedjiathe vessel; cta:i*is inyentipn example, the method, further 
i includes,cpndensing/the .water vapor into ,a second, vessel: comprising, at least one co- 



20 solvent, ? 



/ .> . ! 



25 



As mentioned, it:is usually ^desirable, to, maximi^ . . ' . 

exchange solvent (or solvent combination) and the mixture comprising the poly-3,4- 
.ethylene.dipx^ythipphene:p^epa^ation.- Eprjexample,! the ratio pX^h amount of the di- 
methylacetamide (DMAG). or<N-inethylpi^plidone (tiMPl or,iethylenerglycpl. sglvent 
to the amoimt pf the mixture is 4esii-ably more .than pne,-^^^^ 
abput.l:<5 tO:abpiit|liOiOpQ,000:or .mor^e, more 



:.abpuMQ.^^,'."" ^,.(-'\. ' ,0." ^. M*'<ibOi 



» 7»kc l-% » 



:1 . '-r . ^.'O 



30: .. V • M ^ In .a preferred .eximiple of rtM 

alkylene dioxythiophene is obtained.as a.cojJoidalT^wateijdispersipn,-^ also 

including at least one counter ion. More preferably, the counter ion is polystyrene 
sulfoniGj.acid and.the optionaUy substituted poly-3,4-alkylene. diox^^ is poly- 
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3,4-ethylene dioxythiophene. A particular example of such as pdlydioxythi^^^ 

• Baytron^^P; * * • ' ' ' 

. - . ^ K. 'J . ^• 
: . r ; / 1 Particular methods according to the invention involve fomiing a composition 

5 from :the hiixture; prieferably a conductive cbatirig^ composition therefrom, and 

subjecting that cdmpbsitiori to at least one diying stepi prefefaibly after step c) (solvent 
exchange step) of the methods discussed above; Typically^fo^^latidn of the 
composition involves isolating that material' from the vessel used to conduct the 

• ^ niethod, for instance; by filtration, centrif^^^ ' 

I. . The iriviehtion is compatible with a wide spectrum' of drying treatment steps so 
- - r long Etelthey facilitate production' of compositions with at least good resistivity. By 

the phrase "good resistivity" is meant a resistivity of between from about 0.01 to 

about -1 (ohm-cm); eg v abbutS^O.62 to about 0:6 (ohm-cm), for 'compositions having a 
1 5 thickness of between from about ' 1 Oiuii to^ab8ut>250nm; prefefably- about 40hm to 

abciuf rSGnm. Additionally preferred drying treatment steps provide 21 good surface 

jresistahceie., between from abbu 
' 200 to about- 650 (bhrii/sq) for composition^ Having a thickness of between frbnPabout 

lOnm^tb about 25 Onm, preferiably about 40n^ Still further preferred 

20 drying treatments provide compositions with good optical transmission properties, ^ 

that is, at least about 70%, preferably at least about 90% between about 300nm and 

600iim when compared with a suitable cbntro * • • ^ 

Mbreparticular conductive coatings of the invention -in^^^ 
25- 'cbmpositioiis disclosed herein, typically brie, two or three bf such compositions, 
preferably one bf s^e having at least one of the following chaficteristics. 1) a ' 
resistivity bf between from kbbiit 0.01 to T (ohm icm); 2) a sutfaceiesis&ice of^ 
between from about 100 to about 10,000 (ohm/sq); 3) a thickness of between about 
lOnm to about 250 nm; and 4) an optical transmission of at least about 90% between 
30 abbut^300nrii ajfd 600rim wavelengths. More preferred cbnipositions exhibit at least' 
two of such' features; even more preferably -all three of samei - 

It will be apparent that it is possible to relate resistivity and surfa 

particularly for those compositions disclosed herein provided as coating compositions. 
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In general, the relationship between resistivity and surface resistance, is defined by the 
following mathematical formula: r . 

kesistivity = Pie/(hi"2j * k * t * (^^^ 

wherein, V (measured voltage)/! (applied current) is the surface resistance . ^ 
with the unit of ohm/square for the four point probe measurement te|chnique, Pie/(ln 
2) is a constant, k is the geometrical correction factor (related to film thickness, probe 
Spacing and sample size) and t is the film thickness. 



As discussed, the invention is compatible with a wide variety of suitable 



drying treatments. 



For example, and in one embodiment, the drying treatment includes subjecting 
15 a composition of the invention, preferably a coating composition, to a temperature of 

^ a 

from between about room temperature (25*^C) to about 200 C for less than about a day 
(24 hours). As mentioned previously, methods of the invention .can include, if 
needed, at least two drying treatment steps the same or different., More specific 
drying treatments include subjecting the composition to fi-om between about 50°C to 
20 about 150°C for less than about 12 hours, preferably about 80*^C for less than about 5 
houj-s, typically about an hour or less eg., from about 1 to about 15 minutes. 



In, a more specific embodiment, the drying treatment includes subjecting the 
coating composition to room temperature (25^C) for less about two hours or less 
25 followed by treatment at about 80^C for between from about 1 to about 15 minutes. 



r^. '* -.1- • i " 



Preferably, the composition has a thickness of from between about 50nm to 
about lOOOnm, preferably from between about 60nm to about 750nm. 

30 As also discussed, the invention also provides compositions made in accord 

with the solvent exchange methods disclosed herein. An example of such a 

composition is an optionally substituted mono-3,4-alkylene dioxythiophene or poly- 

3,4-alkylene dioxythiophene.. Preferably, that composition has between firom about 

1% (w/v) to about 100% (w/v) di-methylacetamide (DMAC) or N-methylpyrrolidone 

35 (NMP) or ethylene glycol. Preferably, the he optionally substituted mono-3,4- 

25 
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alRylenb dioxytHiophene is m6nb-3,4'-ethylehe dibxythibphehe commercially 
available as Baytron™ M. Also preferably, the optionally substituted p6ly-3,4- 
alkylene dioxythiophene is poly73,4-ethylene dioxythiophene commercially available 
as or Baytron^*^ P. 



' Preferred compositions accoi^^^ 
additive siich'^ as tHoie particular additive disclosed previously. An eximipre of such 
an additive is ferric toluene sulfdmc acid (Baytrbn^'^ C)' Preferably, the ferric toluene 
sulfonic acid is present in the composition in trace amounts. 



In some embodiments, it will be desirable to combine tHe'cbmpositions of this 
invention with at least one additive. Suitable organic, polymeric binders and/or 
orgamc, low-molecular cross-linkmg agents may also be added to the coating 
solutions according to the invention. Appropnate binders are descnbed, for example, 
15 in EP-A 564 91 1: Epoxysilanes, such as those provided by the EP-A 564 91 1 



I " * T • 4 t ' ' t 

application, can be acided to the coating solutions according to the invehtioh. 



particularly for the production of adhesive layers on glass: 



PWticul'ar converted pblydibxythioplifehe compositions are preif^ used in 
20 what is known in ttie field as a dispersion or solution in a cationic form. That is, a 
form in which those compositions are obtained, for example, by treating the 
' thiophenes With oxidizing ageritsV Khb^^al oxidizing agents, such'as potassium 
peroxbdisulphate are typically used for the oxidation. Also typically^ bxidiized mono- 



' md pblydioxythiopheiies acquire positive charges. These charges are not shown in 
25 Formulae I and II above, since the number and positions of such charges are not 
needed tb understand isihd appreciate the invention. 



More specific polydioxythiophene compositions according to the invention 
contain, based bii the sum of p61>thiop^ cations and polyaniohs, that is, based on 
30 the total solids cbttterif of the s6lution,%bm 1 to 1 00,000% by 'weight, preSferably 1 0 
to r,6bO% by weight, of the compbmids oif Formulae i aiid II inciuiiirig hydrbxy and 
carboxyl groups. More preferred cdrnpositioris bf this invention are waiter soluble. 
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. ,v As also discussed, ^the invention features, a^wide^peptrum coinpositions 
particularly in coating or fijmjprmats. ,PrefeiTedxo,aU 

least one of the foregoing converted (solvent exchanged) optionally substituted 
. poljfthjoph^^^^^^^ least one suitable organic^pol^^^ cprpolymer or mixture 

5 &ej:epf,, M^thQds for adding such RPl^frs tp^the, cpnvert^ pol>4hipphenes are 
knovm in the field and are exemplified, belovv. Sm table. polymers, cp-pplym and 
, mixtures include, but are. not limited to, polycarbonate, polystyrene, ppjyacrylates, 
polyesters such as polyethylene terephthalate, p.olybutylene terephthalate, 
polyethylene naphthalate, polyamides, polyimides, optionally, glass-fibre reinforced 
10 epoxy resins, cellulose derivatives such as cellulose triacetate, polyolefins such as 
polyethylene, polypropylene, Examples of preferred polyimides for use in preparing 
the fibns include TOR-NC (Triton Systems, Inc.), Matrimid^ 

(1,3-isobenzofulrandione, 5,5;-carbonylbisrpolymer with 1 (or 3)-(4-aminophenyl)-2,3 
dihydro-1,3,3 (or l,l,3)-trim 5-amine) (Ciba); and Aurum (Mitsui Toatsu). The JOR- 
1 5 NC has a chemical structure represented by the following Formula III: 



1 1 




.1 ' 
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More preferred coatings and films of the invention are conductive and include 
a weight ratio of at least one of the converted thiophene to the foregoing polymers, 
co-polymers, graft co-polymers ( eg., TOR-NC, Matrimid, Aurum, or a mixture 
25 thereof) is about 10:90 to about 0.1 to 99.9, preferably 6:94 to about 0.5:99.5. A 

, t"- • . f ^ ' ♦ '• .1-*' ■ ' " ' " ■• , ^ ' ■ A*' ' ^ A * 'V * ^. - - 



preferred film composition is the TOR-NC polyimide and converted Baytron^" P 
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fomiulatibn (TOR-e Other'polyimides^ania/or pdlydioxythiopheM 

combiMiohs may be bettet sm^^ * ' . i . . . 



'1 4 



: 3 ihVentibh'embbciim^ the Baytron^" P polydioxythioplieriei (or 

5 pSly&lophe^^^^ M) ii^s^^ l^ist abiitit^90<}^ Ov^v) of ^ 



' sdlveKt exchanged Wilth NlS^P glycbr, preferably at least about 

' ' 95% (W/vy of the water sol veiit exchanged witli'NMP or^ ^^cl more preferably 

at least about 99% (w/v) up to 100% (w/v) so exchanged, the converted Baytroh^" 

formulation will often be referred to herein as TOR-CP. 

More ipreferred coating films made from TOR-CP include betweenfrorri about 
0.5% (w/w) to about 5% (w/w) of the TOR-CP relative to the polyimide of interest, 
preferably between from about 1% (w/w) to aboiit 4% (w/w). See the Examples 



below as well as the Drawings. 



15 

Preferred coating materials of the invention include from about 1 mg/m to 
about 500 mg/m of^at least one of the compositions of this invention including TOR- 

\ i y I 

CP-exchanged with l^JMP or DMAc or ethylene glycol. The TOR-CP can include one 

; / i]'" ~ 1 ■■ ' u \ . 

» • : or more polyiniides of interest including atileast^'one of Matriihid-andTOR^NC. Of 

20 coiirse, other compositions as di'sclosed herein may be more suitable for other 

applications. Additionally preferred coating materials have an optical density of 

between from about 0.0001 to about 0.05 at between from about ;300nm to about 

> ^ ' • • o? ■ '■ 

700nm. Also preferred are those coating materials that exhibit light transmission of 

between from about 10% to about 95% or more, preferably 80% to about 99% or 

25 more as measured by a BYK Gardner Haze-gard plus machine. Such coating 

compositions will often further include at least one additive as described previously. 

Coating compositions having a light transmission greater than about 80% will often 



be preferred in many optical applications. 



30 The compositions of this invention including preferred conductive films and 



coatings can be produced by reference to recognized processes disclosed in U.S. Pat. 
Nos. 5,766,515, 6,083,835,"5,3o6,57i5, and 6,157,479! Preferred production processes 
involve, for example, spraying, application by a doctor blade, dipping, application 



28 



wo. 02/067273 



PCT/US02/04679 



with roller applicator systems, by printing processes such as gravure printing, silk 
- screen printing,' curtain casting, and pan be dried at roorn. temperature or at 
1 1 temperatures of up:to*300^G, preferablyLupftoi20.0?C-.'' Suitable substrates a^^ . 
i,:.trarisparent substrates such as'glass or plastic ifilms (e.g:*pdlyesters, suqh as: j.r 
5 . polyethylene terephthalate or polyethylene' haphthalate^ polycarbonate, polyacrylate. 



25 



30 



1 ' polysulphohe or polyimide £i Im). . • : 



• . *' :.The.invehtidn has other lapplications asiwell. For example, theicompositions, 
filnis and coatings disclosed: hereinxan be used to coat some :6r:all^ an^organic or 
10 r inorganic Mfiber or relatbd substrate^irlUustrative^of such fibersunclude those^rriade 
' whole drin pah from"iK!evlar™ (aramide)} polyethylene, PBO (jjbly^benzoxazole), 
polyester, nylonv'polyamidej glass;i^as well as combinations thereof. ' Preferred -fibers 
- ' ='afe* about 0.5 to^SO tiiehiers, prefefiably about I t^^ Applicatidn- of the 

' '- ihventibh corripbsitions;* films suid coatings^^ will help improve the'^electrical 



15 -cdriductivify of the fiberis. 



The invention is also compatible with techniques for making spin-coated 
frlamentsj^particulaSly mbnofilimefits^ by ele^ctrdspiniiing. ^ 'See Rerieker'vD.H. 
Nanometer Diameter Fibrey of P by Electrospinnirigj^ Fourth' 

20 Foresight-'Gonferehee on'Mbleculax^ * . . v ; - - 



i.' • ; I i 



' ' For some applications, it will %e useful to anneal the films' and cbatirigs ^:g, to 
increase electiical conductivity;-^ M for annealing^a'wide variety of suitable 

filnis and coatings have been disclosed.iri'the U.S.'Pat. No. 6-083;635y*f6rexample. 



The coatings and films of this inventidh caii be usediri a varibty of thicknesses 
depehdirig,-eg!, dn intended use and desired transparency and conductivity - : 
pafametefs! -^A preferred thickiiess is^fi'dih ab6ut'0:005^id about 500 -jLimj^preferably 
fifbrii layout 0.05' t<i%out' 10 PrefOTcd c^hdtictive tibating^rri^teri^lsof this 
invention can be configured as a layer having a sui"fece'resistahce of bietweeri iBrdm ' ' 
about 10 to about 10 Q/sq. Additionally preferred are coatings featuring a surface 



resistance of fi-om about 10 to abbUt 4000 Q/sq, preferably fi'om abouf 10 to about 



4 ".J- 



2000 Q/sq, more preferably firom ^ about 10 to aboiit 1 000 fJ/sq. 



• . t 



• ■ ^ 



I' I . 
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As disclosed herein and in^the prior provisional application: 06/269,606-filed 
on Eebruary '16, 2001, a wide spectrum of organic solveht^based conducting polymer 
systems/particularly.:TOR-GB^'r has been:proyided. . Tor^CP is^PEDOT:PSS based 
5 organic solvent systems,^ such as NMP, which has a very Jow water content of less 
than 3% water. The present invention is further investijgation^of thejTor-CP-based 
coatings for the electro-optic device applications. Electrical resistivity measurement 
- resulte: indicated that coatings' produced using TorrCP exhibited higher electrical 
' . conductivity than that of the staterofrthe-art conducting polymer , systems , such, ais 
10 PEDOTiESS supplied by Bayer AG (trade name BaytrohTP): :Furthermore/:optical < 
itriansparencies of . tiie coatings using' Tor-CP .are similar to; that:of the Baytron-P. /In 
.sv:addition;fresulting:G0ating .are yery^ stable/in-the,ambient^l^ 
Applicants ^haveinot observ^ed any degradation of ppating proj^ during exposure 
to unprotected-ambient atmdsphere^longer than one jnpnth. nPmii same period, 
1 5 coatings prepared using the Baytron-P and stored in the same envirpnment)iiegrades 
(seriously softened), probably due to reaction with moisture. 

' } . -Excellent electric, conductivity,; high optical transparency and^enyirom^ 
stabihty/of thexoatings. from:Tor-CP suggest that Tor-CP is an.ideal pandidate ^ 
20 material for many electro-optic^device applications, furthermore, lpw>v/ater contents 
in the Tor-CP will provide additional benefit of ease-of manufacturing of electro-optic 
deyic(BS:that containilTO electrodes, ^Injadditipn, the non-acidic and, non-hygroscopic 
;.riature,of the coatings from TorTGP fiirther.suggest a lpng;lifetime :or performance 
:; : degradation of the devices fabricated (Using»Tpr-GP. The pnigue prppertjqs ofrthe 
25 coatings from Tor-CP further suggest that present transparent electrodes of ITO can 
> ,be rjeplaced fey, coating from Tpr-CB.for a ce^tainrapplicatio^ all 

organic material based electrproptic deyicejs can be>r.ealized,rincluding flexible^plastic 
: (or polymer) substrates. tha^ will significantly reduce^ manufacturing costs qtmany 
electrprogtic deyices.and provide opportunities of jjroducing advanced electroyoptic 
30 devices that requires ilexible substrates. . , , . - 

Furthermore, the electric conductivity of the Tor-CP coatings can be 

significantly increased without degrading the optical transparency by employing 

specially designed coating fabrication processes. 

30 
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.The conductive films:and coatings according. to the invention find use.in a 
wide range of apphcations requiring. good electrical. conductivity e.g., as electrodes in 
electroluminescent displays, m LCD displays, in solid electrolj^e capacitors, for the 
S deposition of metals such as copper, nickel, for example, in the manufacture of 
-printed circuits, in solar cells,rin electrochrpmip displays or for the screening of 
electromagnetic radiation or for4eadingr away, electrical charges, for example;{in 
.picture, tubes or as. anticorrosive coatings .on metals, for the., production of touch 
. , - scr^eens; Other areas of application are systems, for picturje production, , for example, 
10 silver.halide photography, ,dryrpjate systems, electrophotography: ^ j . v. . 

i I ^ , iThe* conductive coatings and films of the inventipn are^ well-suite^ 
coatingiwith furthjer-layers.such as.those reporteid in.th^ U,,S. Pat. -No. 6,083,635, for 
example. ivu:. 4.. . • , 



t i 



Also provided by the present iiiveritibn are articles of manufacture that include 
or consist of at le^st one of the' compositions disclosed herein. Exsuiiples of su^ 
articles include, but'ai'e iibt limited to,'an'antiradiatioh coating, antistatic coating, 
batteiyl catalyst, deifcer panel, elTCtrocliromic wiiidbw,''electrbchromic^display^ ' 

, - , 1- , *^ • ^ V T • • ■ •» * ' • • ' . J • * .- ' : f f I " ' ' # 



20 electfdmagnetic *sHieldihg', electromechanical actuator, electronic m^mbrahe, 

embedded array aritb'nna,* fuel fcell* infirared retfector, ihtelli gent 'material, junction 
device (pV); siidh as photovoltaic cells, lithograp^^ non-corrosive paint, non- 



liriear optical device, cohductive paint, polymer electrolyte, radar dish, redox 
capacitor, sealant, seniicdnductdr circuit, sensor; smart window, telecoiri device, 
25 waveguide, or wire' (low ciirfent). Prefeirably, the electromechanical actuator is one of 
a biomedical device, micropositioner, microsorter, microtweezer, or microvalve. Also 



30 ^ 



preferably, the sensor is one of a biological, cHemical, electrbcheiriical,* irradiicLtion 
dosage, mechanical shock, temperature, temperature limit, or time-temperature 
sensor. 

As discussed, many electrd-bptifc devices, such as light emitting diodes 

(LED's) and photovoltaic eel Isi, require electrically condiictive' iarid d^^ 

transparent films/coatings as electrode materials. Presently, transparent electrodes in 

electro-optic devices are made of ITO coated glass substrates. ITO has, however, 

31 
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several crucial shortcomings. Its manufacturing processes involve a relatively 
cumbersome and costly technology; such as vacuum depositionan a controlled gas 
atmosphere. Furthermore/duie to brittle-nature of the ITO films, it is difficiilt to 
prepare the ITO films on large area substrates or flexible substrates. » • 



Currently^ trarisparient bonductirig polymers and their coatings ar^'considered 
'the best candidate material as a hole injection layer in organic light emitting diodes 
(OLED's): In this application, a thin layer ' (less than 20iun thickness) of transparent 
: conducting polymers is deposited by employing a solution film casting process, such 
10 as a spin-coating niethod,' onto thie ITO coated substrate: As previously mentioned, 
the ITO layer is deposited onto the rigid substrate, such as glass, via a vacuum 
deposition process. * Since the ITG is very sensitive ^to moistiire and other acid based 
< chemicals, fabricating a hole injection layer on top of ITO requires cumbersome 
processes and seriously limits the selection of substrate materials. 

15 

Although electrically conductive and optically transparent coatings have been 
sucpessfully produced using polyanilinie. fl^ANI) c^^ solution .(U.S. Patent No. 

5618469) and PEDOT/PSS polymer dispersion .(Eur Patent 686662), these prior art 
inventions have serious limitations. in manufacturing practical electrp-pptic devices. 
20 For example, it is well known that the PANI systems are not.stable and, therefore, it's 

device perfonnance degprad^^^ ^.C.^^fp ^F^^^'^'^y 

fabricated PEDOT:PSS-based devices are known to be stable in use. However, 

I • : • *- * ■ • i ; ■ • 1 * •" "i .' • ' , ? » - - , * • J j* • ' %* . * • ' . ^ ^ ; *'i !- . • » 

currently available PEDOT/PSS polymers are,an aqueous based system. Therefore, 
fabricating PEDQTiPSS coatings onto ITO coated s.ubstrates requires cumbersome 
25 manufacturing processes. Further hydrophilic nature of the.PEDOT:PSS system 
attracts moisture, even through the protective moisture barrier, and can induce 
premature failure of the devices during use, 

As mentioned previously, additional articles of manufacture in accord with the 
30 invention include or consist of at least one electro-optical implementation eg., one, , 
two, three or more of same. Preferred implementations include organic light emitting 
devices (OLEDs), electro-optical switches, photovoltaic cells and the. like. 



* * 
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: - .J , , In.ipreferred embodiments^ the OLED, includes at least one^and typically all of 
, the following Qomponents.pperat^^^ 1) metaUathodev2) electron 

transport layer (ETL); 3) prganic.emitter; 4) hole injection laypr; (HIL); and 5) a glass 
substrate layer. Optionally, the OLED further includes an indium doped tin oxide 
(ITO) anode operatively linked to the samis.^ :representatipn,of such an OLED 
structure has ^een repprtieciiby GrppRer,^ Av.D.feX^aLJn QrggnicMglit^Emitting , 
: MamiQlsf and Devices m;^^ YoL 4JQ5 18-29 

(2QQL); See.Figure 2.pf ,Grppp;ei:,f A.p. et alrenthled l^pLED^basic^^s^^ 
; p^articulai;/ B.y :thej:phr.ase }"ppera^ is meant association} of such 

10, components in .a.ponfiguration necessary to achieve suitable fiinctionalityrpf the 

iilt is an object of this invention ,toreplace:.theITp,of the. PLED.with, at; least 
, one of the: c,ompositipnSj,disc|ose4 herein,- preferably pne of the copdjiptingcy^ foq 
15 ,comppsitions- This/eamre,of^^^^ a<|yantages including better 

performance characteristics, especially improved conductivity; and optical.. . | 
transparency. Preferred OLEDs of the invention will include at least one of the 
compositions disclosed herein provided as^the hole injection layer (HIL). An 
especially preferred OLED includes TOR-CP as the jHIL. . ^ . ^ ,n 

- . .In .a.more-particular jsxample of the invention, the OLED^has a peak external 
quantum efficiency of between about 0.02% to about 0.2%, preferably when such 
. OLEDis operated .between firom about 4 to .about .8, volts. .... 

' ^ ^ w ' ""'^t-lf* ' - ' ■'• ,*»<• » .'s • •*.'■■ ' ■ ^^T'^^t f* ^^ ' • 'i . . £■ : ' * 

25 ....... Additionally preferred QLEDs, of the invention have, a peak, ppyer .efficiency 

.of between, from about 0.5 .to about 2 Im/W at an.appliedbias of between. from about 
1 to about 8 .volts. , . . ^ ; * i 

... .Still further preferred OLEDs havcia luminance of between about. 7000. to 
30 about 9000 cd/m^. Preferably, the OLED has a maximal luminance.of betvyeen from, 
about 10,000 to about 50,000 cd/m^ at about 4 to about 8 volts. 

.i. As mentioned the invention also provides , suitable methods. for making an 

electronic implementation by writing or printing manipulations. Preferably, such 
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liiethbds are perfonried 'repetitively or senii-repetitively e.g.yas When at least step a) 
' ' is repeated atleast once* In^a particular^method steps a),: b) and c):are repeated twice 
or more to pnnt or Write the e^ implementation; ' i . I ^ > ? \ • ' : 

5 * * In other prefeired-embodiments of tHe method, the hole (via-hole or * ' 

interconnect) produced by dissolution of the first polymer layer by the exchange 

• solvent in tKe dompositibh-iricludes^a^f^^ and a 
second eiid contacting a- siibsti-afe layer.- That hole is substantially filled with the 

- composition according to the metho^d^i>refei•ab^y w^ conventional 
1 0 iiik-jet printer. One suitable ink-jet printer includes at least' two^nozzles fondispersing 
the composition of the invention, each nozzle comprising the same or different 
composition as needed. Preferably, at least one of the compositions comprises 
' p61y^3v4-(BtHylfeh'edioxy-thiophene) which composition ihay further include 
polysfryerie" sulfonic acid (PEDOT preferred composition for use with 

15 th^'method for tfiaKing the electronic implementati6ii>is Baytrdn™-P 

polymfer'bf Baytroii™-M.'^*=^' ' ' '''' ' ^"^--^ ' ''^^ '"'^ 

In one embddimferit of the method for making the implementation, 
the first polymer layer ccymprises oi: consists of a dielec^rib jpblyihbr e.g.% 
20 polyvinylphenol, polyimide and polycarbonate. Preferably, the substrate layer is 

* insoluble in the s'olvraf <if the cdmposition . An bxemplai^' substrate is' glass. 

In another invention exampleVthe electronic iniplemeritatibh prod by the 
method is an inverter capable of converting a high- voltage input to a low-voltage 
25 oiitput; or aiow-voltk'ge ihput to a high-voltage output: Methods for making and 

usinginverters have been'ciescribed. ' A more preferred inverter Is a component of an 
electronic circuit which circuit comprises at least one source electr6de arid atieast one 
drain electrode. Typically, such electrodes are separated firom each other by about 1 
W 10 micrdmetersr Dagni,'R. m Ch^emistry and Engine^^ 1, 

30 ' 2Ddl,pp;26-27 a^A^^^^ ^' • ' ' ' - 

■ I • » , . . - 

The invention methods can also be used to make useful electronic circuits 
having a preferred oiitput^of b^etween fi-om iabbut^20V to about OV.' Additionally 
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useful electronic circuits have.as an input between from about OV to about -t20V. 

1 " 

Methpds for making and using electronic circuits have been described. See^e.g., the 
website at plasticlogic.com as well as references cited therein, the disclosure of which 
is incorporated herein by reference. . 



- As mentioned, the invention also provides articles of manufacture that, include 
the electronic implementations of this invention. Exemplary articles include a liquid 
, crystal display, electrophoretic ink. display, polymer disperse, liquid crystal (PDLC) or 
an identification tag such as. a smart label adapted for use in consumer good. , 
10 Particular examples of such consumer goods include s a toy or supermarket item. 



In particular invention embodiments, electrically:,conductive and optically 
transparent organic solvent based polymer coatings are provided. Also provided are 
methods for the preparation of the same for applications of which ^flexibility and 
15 .environmental stability are.of .an,important consideration. ? 

In addition, the present invention also relates to a method for preparing 
coatings of organic solvent based poly(ethylenedioxythiophene):poly(styrene sulfonic 
acid) (PEDTrPSS) conducting polymers for improved properties, such as electrical 
20 conductivity, of the resulting coatings for use in electro-optic devices comprising 



transparent electrodes which are made of same. In this embodiment the organic 
solvent-based polymeric system does not have compatibility problems with the state- 
of-the-art transparent conductive layer of indium doped tin oxides (ITO). Therefore, 



manufacturing processes of electro-optic devices can be easier. Furthermore, high 
25 conductivity and optical transparency of the resulting films from the organic solvent 

* : ' ' - ' * - '■ ' \ 4 t*"i >*r • ■■ 1-* . • ■ \ ' 

; . .* . i • - .-.^ > I . ' :.-*...'(•• ... . - I . - . t ' 

based conducting polymer system suggest a possibility of replacing the ITO layer in 
many electro-optic device applications such as organic light emitting diodes 
(OLED's), photovoltaic cells, electro-optic switches, etc. 

30 As shown in the Example 8, below, a thin layer (less than 20nm thickness) of 

transparent conducting polymers is deposited by employing a solution film casting 
process, such as a spin-coating method, onto the ITO coated substrate. As previously 



mentioned, the ITO layer is deposited onto the rigid substrate, such as glass, via a 
vacuum deposition process. Since the ITO is very sensitive to moisture and other acid 
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based chemibals, fabricating a hole injection layer oh toij of lTO requiras 
cumbersome' j^rdces^es and serious limits the selection of substrate materials. 



Additionally preferred conductive coatings in accord witK the invention 

5 feature a surface resistance of between about 10 ohm/sq to about 1000 ohm/sq when 

' spiii-coated iii less than about id-layers/ preferably less than about 5 of same, more 

preferably aboiit 1 , 2'6r3'bf stich layd^r ' Preferred' spiri-ooated layers af^ 

about*! GOD im'ffiicki W^ 100 rim thick 'although thihher layers 

may^be more appfbpnate for s6^^ * ' ' ' 

• I • * * \ 

Further preferred conductive coatings have a light transmittance of at least 
ab6ut:86%; prbferably gre^^^^^ about 85%'- more betweeri-fr^ 86% to 

'about 95% as det'ei^iried-by Cdnventiona!^^^^^ 

preferred ccmauctivfe cSatiiigs^ wchibit siicK favbfable light tranSri properties 
15 when spin-coated in less tHah about 10 layerej^pfefefably less than' about S of saime, 
more preferably about 1, 2 or 3 of such layers. Preferred spin-coated layers are less 



than about 1000 nm thick, more preferably about lOOnm thick although thinner layers 
may be more appropriate for some invention applications. Such preferred conductive 
coatings have a wide variety of applications including use as an anode electrode. See 
20 Example 9 and Figures 1 4- 1 5 , for instance. " 

In embodirhents in which die anode electrode includes Xor consists of) one or 
more of the conductive coatings disclosed herein, such an electrode will feature a 
surface resistance of less than about 5 kohrh/sq, preferably less than about one 
25 kohm/sq to about two kohni/sq. Additionally preferred electrodes have an optical 
transmission of at least about 85%. 

owiJi .'ii:'.-- 'ijij-"' : , ' - * ,. . 



Additionally preferred conductive coatings in accord with the invention 
exhibit favorable resistivity and conductivity when featured on an Ln-Ln conductivity 
30 graph. See Example 10 and Figures 16 and 17. Particular coatings exhibit at least 

about 1 Ln-sigma (S/cm), preferably between from about 1 Ln-sigma (S/cm) to about 
10 Ln-sigma (S/cm), more preferably between froin about 1 Ln-sigma (S/cm) to about 
4 Ln-sigma (S/cm). Further preferred conductive coatings feature such good 
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conductivity at high temperatures ofibet\yeen from about Q.p.1 Ln-Temp (K"'''^) to 
.'.about 0.2, Lri-.Temp (K"'/^), . , , . - , .... . . .. . : i j - ■. 

• - •- *4 . , .>,».... ^. , 

. , • , Still furtherYpreferred conductive coatings do- not exhibit .what is^known as a 
5 "kink" , particularly between abpu^^ Ln-Temp^ (Kj,!/?) toj 0.1 .Ln-J,emp (K' 
t l^); preferably Itetvveen from abput p^0,6.^Ln-T^^^^ abput .0:p8iLn-1;emp (K* 

*^). See Example 10 and Figure 17. .-^odK-. .li^r^fib ;^ i. : ^ n 

. » -3 Additionally iprefeired conductive coatings rof the -invention exhibit good 
0 conductivity ie., at least abouil'Ln-sigrna.(S/cm),-ibjet)^ 

i ,(K^/f). to.about 0.5,:Ln-XeinR,(K;,J.(^), preferably ^ftpm aljout p..2,Lnri;^^ to 
about 0.35 Ln-Temp (K^'/^i-jAlsq/pjeferre^d are. ponductive[poatings tihiat-4p:not 
exhi.bititht(';kink:^4b^^ (KV^5 tprabout 0,4iLnTTemp (K ^'^), 

preferably betweentfrom about 0,24 Lnr/Xemp,;(KV^^^^^^ 
5 See Example! IQ and;?!^ ,r<: it-- = i >^ ii^^i ^i^^' q - / ^i^r./) ; : 

The following examples are provided tp^ppint.pjjt preferred: aspg^^^ the 
invention andtare^not^^intended to^be indicative^ofithe scopeiof^he invention. \ 

0 -''if,;,:' V-'- :-v .0^;:/ .o'tiVv : > vMi-i 

Example 1- Solvent Exchange Process for niJdcing JQR-pP/lilM ; 

li] ti The' follp wing. are. preferred processes for maldng T 
5 methylpyrrolidone (NMP) as the exchange sQlyent.r-> ^.-^r, * j^/i? . ..^f; »r.:j 



A. Method 1 

1 . Place the Ace Glass 22L RB 4 neck flask into the Glas-Col heatingjfiniantle 

canisteirtj.,,'; ^ ny':ib- « . - ^f^i^i O' iu .i- iu-v li h-j^h'. -/^h/. 
0 , 2:.,.«^T.ake the Ace Glass^l^mm^stir s^^ . 
the^center neck of the 22L RB^flask, rfollowed by^jthej teflon. lined-,stt^^^ bearing 
J ' 3. r Attach the stirrer ishaftjto the chuck of the Arrowr^SSp. stirrer motorr: . ; . 
: . .4,' J Hookup the SGA variac controllers to the Glas-Cpl heating mantle, canister 
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5. " Attach the Dean Stark Trap to the left neck of the 22E flask, then place the 
Ace Glass 300mm coil condenser on top of it. A tube will then run from the top of 
the condenser to the nitrogen bubbler. 
• ' 6. In the nght heck of the 22L flask, place the teflon coated 
5 ' • and the nitrogeri'lihe supplied by th6 Gilmbnt instruments floWmeter. ' • 
-7-. Into the front neck of the 22LRB' flask, charge witK 
miscible solvent as described above) • - ^ .rl . ' i-- / 

8. Turn on the SO A variacs and heat the solvent to 135 C under agitation from 
* the Arrow 850 stirrer irnotbr; The'stiirer setting (ipm) shbiild'hbt need to be 

10 ' changed throughout the remaihd^r^of the^p^^^ ''^ - ' -5 • 

9. -'' Set the Gilmoht Distruniehts nitrogen flowmeter to produce a steady flow of 
nitr^ogen through the fla^^^ * * ' ' 

1 01 'Using tHe^ Watsbh-Marlow peristaltic piiriip^ begin- pumpiii'g' 3000ml of 
iBaytrbh P intd the 22L RB flask^at a^ flow rate of 1 (3ml/rfiiriute ' ^ ^ 
15 11. Continue pumping the Baytron P into the reactor vessfel' uiitil toniplete-^ • 

(approx. 3hrs) 

12. As the Baytron P is being fed into the reactor, water should start condensing 
= ' and cdllectirig in the Deafi Stark triap^ -h:. > > - ; ^ 

13) At this point, adjust this nitrogen flow meter to increase the nitrogen flow 
20 considerably, forcing the water vapor up into the coil condenser 

14. The water will start to rapidly condense and collect in the Dean Stark trap. 
Drain the trap 'as needed! * ^' ' • • . . . ~- 

15. Continue this process imtil the desired amount of water has been removed, 
16: Shut of tKe Variacs, continue the agitation arid the nitrogen flow'uhtil the 

25 product in the flask has cooled to RT ' ' ^ ^ * f' ' 

17. Remove from product from the flask 

1 .6' 



As discussed, it will often be helpfiil to provide conditions of high-sheer mixing 

30 between the thiophene' miicture and the exchanging solvent.- Such coiiditions can 

facilitate aTcduetion in particle agglomeration and provide' for better -product 

xmiformity: 'High sheer mixing can be readily practiced by replacinjg the 4 neck flask 

in Method 1 (step 1) with'a five neck flask: ' Between steps -7 aaid 8/ for example, the 

reagents can be subjected to high sheer mixing by using a standard homogenizer or 
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disperser.. A preferred homogenizer is a Model #T 25 Ultra-Turrax i 
Disperser/Trtomogeni^^ (nCA-Works).^QptiiTial use of the^ homogenizer >yill keep 
Baytron P particles from agglomerating as , determined eg., by inspection. , , 



Example 2- TOR/CP Conductive; Cp 

Three types of conductive coatings have been made using the solvent 
exchange.process of jthis invention. , . 



t » _ -It 



♦ - • . ' J. 1 . I %' . ■ . ^ ' . , ' * • . t • . , • • ' . , ■ L .. . ".. • » ' • .It » * . 

, , A., TOR-CP Spin-coating - , , . 

10 r. A conductive coating was made from the solvent exchanged TOR-CP/NMP . 
(neat) composition prepared as described above in. Example 1. Specifically, the 
composition was spin-coated onto a glass substrate using conventional procedures. 
Conductivities. >vere measured with a Keithly 200.04 point probe. . 

15 Figure 1 shows light transmission and surface resistance data when TOR-CP 

(unfiltered), TOR-CP (filtered), and Baytron-P converted products were tested. As 
can be seen from Figure 1, coatings made from the TOR-CP have better light 
transmission and lower surface resistance then the Baytron-P coating. Figure 1 was 
prepared from measurements made of TOR-CP (neat) dispersion cast onto glass. 

20 Although this is technique is suitable for some applications, it will often be useful to 

X * 

combine the TOR-CP with other components and particularly at least one polymer, 
co-polymer, polymer blend, ect. In many instances, the resulting film or coating will 
have better performance characteristics when compared to TOR-CP alone. 

25 B. TOR-CP Draw down Goatings 

- Standard draw down techniques were used to apply the TOR-CP to a glass 
substrate. Such techniques have been described ,e.g,* by Erichsen. iSpecificalfy;}the? 
- Erichsen Testing Eqiiipment produCt-W 



30 ♦ This composition was coated onto glass substrates using an Erichseri:lvlddel 

360pfilm application. . Wet film thickness of 120 microns was.applipd and the dry film 
thickness for the TOR-CP samples was between 0.3 to 0.5, microns .v See Figure 6. 
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10 



15 



20 



Additional drawdown coatings using the Baytrbii^" P jjroduct w6re made in 
order to cTompare the surface resistance to each other:' The surface resistance *' 
nieasurelment was niade by applying silver electrodes to the coating using lEC^ 
standard 93 (VDE 03003) and measuring resistance with an ohmmeter. The resulting 
resistance was expressed as ohms/sq. See Figure 6. 



•■I t'.f * ■ \ ; 



It is significant that the surface resistance oiFlHe TOR-CP cdatihgs wiais' up to 
two orders of magnitude less resistive (ie. more conductive) than similar Baytron"^*^ P 
coatings. This indicates that the conversion (solVeht exchange) process bioosts the 



' : » ' , 



' * cbriductivity of the^bais^ conductive polymer in an unexpected way arid significantly 



• t « » 



improves 'tte perfdimance of the Je^ultihg TOR-CP mateidai: 



See also Figurds yA/^B/j^ clSta fi-oixi selected samples of 

Baytron"^*^ P exchanged with NMP or DMAc). Drawdown surface resistances are also 



illustrated. 



• ■ >. 



1^ 



C. Forihulateii xdR-^CP' Cioiatings 

11,-. \ . .< -• •■ • » • '-,'1 .T'-tJ"! > *i ' ^ . 



Formulated TOR-CP coatings according to the invention can be applied using 



spm-coatmg or draw down procedures. 



1 



* * \ « • > 



. » t * I 



% f * r 



1. f: . 



■ I i. 



t t 



One'methbd for malah^ condiictive coating is as follows. 



Referring \o Table I'J belov^, listed components' were cdrhbiried (wt% ratios) and 



mixed in the order given. Mixing uiider constant agitatioii was preferred; 



25 



.TABLE ■•• 



Cbmpbhent ' 


Manufacturer 


% by Weight 


: TOR-CP i ^ -. v^i:^ •v*.'- 


Triton! Systems*: '.^ v^ j^ ; 


■-45 >< ,•'":)•' :i -t .• . •-• 


Silquest A 187 , . , 


\yitco. Surfactants, GmbH . 


.0,86.„:. 


Isopropanol 




53.84 


Bayowet FT 229 


Bayer Corp 


0.30 


rTptal. . .. . . > 




-lOp,,. 



« ^ 



' ^ • A coating made by this method cm 

spin coating or draw down coating techniques: See sections A and B, above. The 
30 coating was prepared in a glass vessel with paddle stir mechanism. 
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Figure 8 shows surface thickness and resistance for several TOR-CP 
formulated drawdown coatings. .TheTesults show fa.vprabl.e conductivity using this 
coating method.*- . . * r ' * • . /: 

5 Example, 3- .Conductive TQR-GP Fih^ 

Conductive polyimide films have been manufactured by adding dry ppljamide 
powder to TOR-CP converted (ie. solvent exchanged) solution. See Example 1, 
ab.ove.,.Typicallyi ,the polyniide powder, and TOR-CP converted materials are mixed. 
10 . A preferred weight ratio between the ppljamide polymer, and conductive pojymer 
ranges from 94:6 to 99.5:0.5, . , 



20 



25 



A more specific method for making the film is as follows. A starting quantity 
of TOR-CP dispersion is, weighed. The total conductive polymer solids amount is 
1 5 detemiined by multiplying the total dispersion weight by. the solids content of the 

dispersion. Polyimide is added to the solvent dispersion so that the final weight ratio 
of the solids conductive polymer to polyimide is either 0.5/99.9, 1 .0/99 or 2.5/97.5. 

The polyimide is added to an agitated TOR-CP keeping agitation with a magnetic stir 

'^' ♦ .^^'(jfi^- 
bar. 

Volume resistivity (ohmrcm) has been measured for. films that contain. 1,2. 5 
and 4% conductive polymer respectively. Figures 2 and 3 show measurements made 
on blends that contain the Triton AO resistant polyimide (TOR-NC) and a commercial 
polyimide from Ciba called Matramid. . 



Example 4- Analysis of Converted (Solvent Exchanged) Baytron*^" P Batches 



To better appreciate the performance characteristics of Baytron"^" P 
formulation converted according to the invention, the following parameters were 
30 analyzed: conductivity, viscosity, solids content, particle size and distribution, light 
transmission, pH value, density and water content. Analyses were performed 
according to recognized procedures. See Figures 4 and 5 ("MAV" numbers refer to 

^ , . , ■ - .. • .• 

specific Baytpn*^" P batches). . 
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' • ' Referring now to the particle size analysis ;of Figures 4 and 5, the (lata shows 
an average particle size ranging from < 0.001 micron to >30 micron. * Specifically 
shown by Figures 4 and 5 are particle analysis of three of samples, and then a 

5 summary sheet showing sevierial properties we are monitoring; Particle Size analysis 
was done by Micromeritics in Norcross GA. The technique used is called Eltone''*^ 

• i 'particle size analysis/ ■ ' ^ ". . -i : ' . : • > " » - :. : * 

' ' ' iFiguVe 6 shows conductivity riieasOT 
1 0 batches of c6nverted^(sdlVehf excha^^^ Baytfbn^" P (MAV 92-96, 83-86 and 77). ' 

Resistances were measured according to standard procediifes. The data show that the 

converted Baytron"^"^ P formulations exhibited an increase in conductivity (decreased 
' resistsmcd) of three drd'ers of magriitiide; Sig^ it has been found 

that tMe conductivity increase of the cdn verted Baytrori^" P fomiuiation ca^^ 
1 5 achieved with a film tiiickness iip to atlout Half tliat of the neat Ifonnuiatibn 



■« ' . . ... * 



' Example 5- Process For Making Coriductive Films Useful In Antistat 
Applications 



20 It is possible to combine the converted (solvent exchanged) TOR-CP solutions 

of this invention with a wide spectrum of suitable polymers e.g, polyimide, 
polyciarbonate, epoxies, polyarylerie ethers, polyester, PEN, and other solution " 
processed polymers, u^ihg cdnvientional film processing methods such as those 



V 1 



disclosed herein. More specific examples of siich polymers can be found iii the 
25 Modern Plastics Encyclopedia Vol. 75, No. 12 (Mid-November 1998 issue). Suitable 
procedures f^^ bleildiii^ the pbl>ane^^ (TOR-CP) are 

known in the field including simple weight measurements, room temperature stirring. 



etc. 



30 Two more specific methods for making the films lareas follows. 

* ' • ' 



4 4 i 



A. Methpd/1 

First, make a solution that essentially dissolves various polymer into the 
TOR-CP dispersion. Nearly any polymer that is soluble in the NMP solvent could be 
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used such as pplyimide, polyesters, pplyurethanes, polycarbonates, polysulfones, 
polyetherimides and the like. In one application, polymer. ^v^as added to an agitated 
TOR-CP dispersion so that;the ratio of conductive polymer to.jadded polymer is in the 
range of 0.5% to 3% by weight. The solvenV(NMP) content was theri adjusted to 
5 bring the total solids content (conductive polymer/dopant plus non-conductive base 
polymer) to approximately 18.%-22% by weight. The mixture >yas stirred until a 
homogeneous honey like consistency is achieved, The blended solution was then 
filtered through a 12 micron filter and cast^onto a.substrate using a drawdown bar, or 
lip casting process. The substrate was then passed .through.a heating section to drive 
1 0 off the NMP solvent at about 1 50C for 1^0-3 Q minutes depending on vyhether this is a 
continuous or batch process. This process has been, practiced in both batch and 
continuous methods and various data has been, collected.^ ^ • . 

B. Method 2 • i ^- ^riy\ 

1 5 Another ^vay.to incorporate;TOR- be dependent on^ability to convert 

the water based Baytron P into a high molecular weight polymer instead of into a 
solvent. A particular material of interest is polybuXene XBP^Ampcq). Assuming the 
conductive polymer can be incorporated into the polybutene at about 50% 
. ' concentratipn,^then it will-be possible to let that mixture. dQwnyinto pqlyolefins during 
20 a melt processing operation. . This could jthen^open upjt^^ ppssibility^of.making - i \ 
; conductive, polyethylene^ or polypropylene wilh a much: Ip.Nver cost mf U processing 
techxuque.'j The temperatures' for processing ^this combination /inust be jkeptj^elpw 
200(2 toipreyent degradation to. the cpnductiv.e polymer dopant and this would .be the 
case wAth pqlyolefins. jrs^ : . ^ . / . ; • . - ' .nji;* 

, . A preferred, film produced by . either of the foregoingjSpecific meAods is firee 
..standing and. has, a. conductivity through^ the thickness (instead of just at the surface) 
. which can bC; from <1 mil to >5 mils,thick (1 mil =0.001V). The volume resistance 
..ranges from 10frlO\^ ohm:Cm depending; for example, on the weight concentration 
30 of the. conductive polymer.. Particular ;appli cations for such films include antistatic • 
packaging materials, electrostatic discharge (ESQ), an^electro-inagnetic interference 
(BMI) shielding films. ,t i.A 
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' • : The following materials wCTC^us^^^ 
"•^ unless sp'ebified otherwise..* . ■ ■" ^ 

•■ 22L Round Bottom 4 neck FlMk' (Ace Glass)- - • : ■ ' ' 

'•• • vGlas-Gol Heating Mantlej^Ca^^ • ' > '• 
5 ■ ^' SGA Variac Coiitroliefs • - ••.■..'> i; - .- if,v ■ -^^^^ : ^v. 

19inm'Glass Stir Shaft w/teflon paddle assembly (Ace Glass) .- ''^ 
' -^►'•19mm'TetoLiiiedStirt^ • ' ' 

' ' WatWhiMjirloS* Peri^^ 1, : ' 

■ = • Arrow 850 Stiiiref Motor w/chu'ck' - *• ' = ' • -'1 = ' • 

10 ^^''^ SOOmm'Gdil Condenser (Ace .r ; . 

• 3^25mLDeari Stark Trap (Aldrich) * " . . . » . n. 

Teflon Coated Teiripefatiire Probe w/digital read - i • 

Gilmont Instrument Nitrogen Flowmeter 

Nitrogen Bubbler - -li-^a^^Ui : 

15 . » .]vi6da#T i25 Ultfa-tui^^ 

ill- . : - Example 6- Pteparati^ Cdatirig Layers ''' ^ q • 

.^/* *• : i'^ ■ • ii • r. • • ^ » ■ » • ■ '^■» r .* " • ? '* ."V • > 1 1 » • fi- • " ■ fi f f 1 \ • ■ St'* 

1. ^ : r i Table 2, bdow'i shows a list of rep^^^^ during the 

20 course of the 'present inveintion aqueous based PEDOT:PSS * ^ • ■ 

- conducting polymer manufactured and siippliedlby Bayer AG was used as a reference 
thi^biighbut the experiment^; Tof-GP'and Baytrori-P coatings ^were fabricated by 
^ em^>16yirig a spih-^coating method with'a -2000 ipm spin speedJ^Two and a half inch 
diameter and 1/16 inch thick borosilicate glass disks were used as^sub'strates ■ 
25 throughout the experiments. Thickness of the final coatings was controlled by 
^ ' • applying' multiple spiii-cbating -operations with' the' same spin ^ speed aiid duration of 
spin of 10 seconds; After each spin coating, polymer coating/substtiate combinations 
' wfere drifed tiy employinjg two di^^^^ as described in Table 2iv(l) 

»*dven dry at''80°C for 5 minutes and (2).dry at ahibie^^^ for 60 minutes 

30 follbwed by oven tiry' af 80^C for 5- minutes:' All^dried samples were^ stored in the 
' ' sealed plastic bags biefore electrical conductivity/resistivity and optical c ' ' 
transmission/absorbance measurements. "'J'' . . ^ • 
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10 ' 



More particularly, for spin-coating, the glass substrate was mounted on the 
vacuum'cKiick of the spinner and 1.5 mL of Tbr-CP or Baytron'-P solutions are 
applied in the middle of the substrate, followed by start spinning with the preset speed 
of 2000 rpm and duration of 10 seconds. Specific. batch Ijlo. of the Tor-CP was 
KAC79 and 0.6% solid content in NMP solvent. Baytron-P is 1,3% sohd content in 
water solvent. " - / , . i / • ■ 



: ly'^ • ^ ' ' . , .1.-,.; 

[ Thickness of the coating was measured using a stylus surface profilometer. 
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,Table,2: Representative Coatings and Preparation Conditions . 



Coiating ID 


Conducting 

• 'Polymers^' 


Coating 
: Thickness • 

. '.(nm), . 


Drying Conditions 


Baytron-P-Ol 


Baytron-P 


120 


80C oven drying for 5 minutes 


Baytron-P-02 


Baytron-P 


314 


80C oven drying for 5 minutes 


Baytron-P-03 


Baytron-P 


592 


80C oven drying for 5 minutes 


.TOR7CP.OI . 


. TPR-^^P. ... 


S7 


: ;80C>oyen drying for 5 mmutes 


TOR-cp-02 


TOR-CP 


105 


80C oven drying for 5 minutes 


T0R-CP-03 


TOR-CP 


171 


80C oven drying for 5 minutes 


TOR-CP- A 1 


TOR-CP 


70 


RT air dry for 60 minutes and 
followed by 80C oven drying 
for 5 minutes 


TOR-CP-A2 


TOR-CP 


107 


RT air dry for 60 minutes and 
followed by 80C oven drying 
for 5 minutes 



5 Figures 9A-D are explained in more detail as follows. In particular. Figure 9 A 

shows measured values of electrical resistivity of the resulting coatings as a function 
of coating thickness for Baytron-P and Tor-CP coatings. For Tor-CP coatings two 
different drying methods were employed as described in Table 2. Resistivity of these 
coatings was measured by employing a standard four point probe technique and 
1 0 calculated for the known coating thickness and geometrical correction factor (ASTM 
Standard F374). Accuracy of the measured values of resistivity using four point 
probe method were confirmed by employing a Van der Pauw technique for the 
selected coating at outside laboratory. 

15 As shown in Figure 9A for the given coating thickness, coatings from Tor-CP 

exhibited at least two orders of lower resistivity, higher electric conductivity, than that 
of Baytron-P coatings. For example, resistivity of the 105 nm thickness Tor-CP 
coating was 0.35 ohm-cm, while Resistivity of the 120 nm thickness Baytron-P 
coating was 1 62.74 ohm-cm. Furthermore, air/oven dried Tor-CP coatings exhibited 

20 2-3 times lower resistivity than that of oven dried Tor-CP coatings. In air/oven dried 
Tor-CP coating, we measured Resistivity as low as 0.15 ohm-cm for coating thickness 
of 107 nm. There have been reports of lower Resistivity values than measured in the 
present example for the Baytron-P conducting polymer families. However, specific 
test conditions and coating process conditions are not clearly reported. Direct 
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comparison between. externally, reported values and. our measured resistivity values 
for Baytron-P are not al\yays accurate. I?.esistivity. values for the Baytron-I? .coatings 
, v/ere used ,as a reference in the present^^invention y/hen coatings, of Baytron-P, and Tor 
CP were processed. and measured same y^^ay. : r-. t ;u - \,r 

It is significant that the air/oven dried coatings exhibited lower Resistivity 
than the oven dried coating, .while other measured properties are^appears to be same 
such as optical transmission/absorbance and surface morphology. Without wishing to 
J .be. bound: to theory, it isppssible.that the method impacts micro stmctural properties. 

! J r Coating sainples,^ frorn TorrGP pr Baj^tronrrP -jyer^e intentional exposed 
to .uncontrolled laboratory conditions without any^protection... .About a. month after. 
Resistivity of these samples was re-measured. , While resistivities of the^Tor-CP 
coating were remained the same (unchanged), Baytron-P coating became too soft. 
1 5 . Without fWishina to be bound>to .any theory, it is.possible that. the Baytron-P reacts 
with moisture an»4he ambient atmosphere, and resistivity could not be determined by 
y . using, the.four .point probe.. .This result .clearly indicated that coatings of ToibCP are 

. substantially more.stable.than that.ofBaytrpn-?. I vj^ . i, ' V - ' 

20 - ' : ? . ; Treatment temperatures^oflup to about 200C have been achieved by oven 
drying., Substantially better results.were not always seen. , : r. , , 

{ . See also/ Figure 12 providing resistivity and resistance data for selected TOR- 
, CP, and.BaytronTP samples. ^ ,n . \i r* r i » 

Example 7- Optical. Transmission ofTDR-CP and.Baytron-P coatings 



25 



f. , . .Figure ip.shows^ppticaLtramsmiss^^ 

as a fiinction of coating thickness, determined bvlIVT Vis-near TR dual beam , 

30 differential spectrophotometer (Varian Model No. 2200). Black glass substrate (no . 

coating on it) was used as a reference;sam£le for, each test, therefore,^measured values 

of fransmissiorvfabsorbance were coating Jayer prppertie only.. . Brieflyj^ samples were 

scanned between 900 nm and 260 nm, ranges with spectral, bandwidth of Lnm, and 

scan rate of 1 nm/sec. As shown in Figure 10, optical transmission/absorbance 
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=• lirbperty'is alnibst'game ifbr'thie to^tirig of Tbr-CP '^d Baytroh-P for the given coating 
thickness'/ • Foi-' a- 1 05 hiri'thickn^ trahsfnissibri wajs'above^90% 

■ • ' wavelength^ranfefes between 30 it' gradiiaily dropped to 8 at 

700 nm. A 120 nm thickness Baytroh-P coating exhibited similar '\ ' ■ 

5 transmission/absorbance characteristics in the same measurement. 

r .1 r. Example '8-'Pr^MMbtfahd'^^^^ ' ' ' 

' ' < Standard 'OiiEO'devicesf 
10 layer, were fabricated and characterized. See generally Organic Light-Emitting 
■■ ■ ^■Materihls'ima'£feiic& "JV^'KMs^ Zil?Eaito'r,-iti Proce^ifigs^ofSPiEi vol. 4105 
■ (2001) &d references bite^^ 

1 5 .?r i 'THB'spbtaiicQi'^vitib'stra^ used in bb'tK cas'eSs was? if Of(150 mh)V'Toi:-CP = 
' ^or PEDOT:P^S>7 TPD '(20 HiK)'7 Alqj (40^rim)7*EiF '(0.5'hm) 7= A!i'(200 iuri). • As 
''shown in Figiire^'l-; OLED- with Tor-ePTe^iched U'^^ 
of 0.18% or a peak power efficiency"bf4 .S8 Im/V/ af 'ah applied'bias of a 
luminance of 8,790 cd/m^. The maximum luminance of 32,000 cd/m^ was obtained at 

20 7.1''V: This compares' to a'siriiiiar water bksfed PEDOTrPSS sample^(heated at 50°C ' 
and dried in N2) fabricat^'lit thiei 'same"tiine'wliicfi halci'a^peiak extemaVquaiitum 
efficiency of 0.15% or a peak power efficiency of 0.82 Im/W at an applied bias of 
5.Vo'^ V'aAd ^4uiWinMce''dr8,6fOcd/ml^^f ^ '(PEDOt)' 'device had a 

maximum luminance of 14,700 cd/m^ obtained at 7.0 V! ^The supferibr pei-fbrmance of 

25 the Tor-CP in OLED devices suggests that improved electrical characteristics (for 
subh'k^pli^tion^^'Kkbben-abtte^^^^ ' * 

v: .'i. ' J • As^iiiu^fratfed bj-tlii^ example, %e OliED* With tlie 

perfornfah'ce'thlii'tK'b'cor^^^^^^^ ■ 

"Por-CPxari be used as''an' iiode electrodes' for d ''^ 

' replacing curireritiridustry s^^ of indiuiii' dbpe^ tin oxides (ITO)'. Ari^bxarriple of 

thisappiicMibnw^'hoS^^ ^ ; ' ' 
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In Figure 13, measured surface resistance (in ohm/sq.) of the Tor-CI?rCpating 
on 5 mil thickness PET substrate is shown as a function of number of spin coating 
layers,;, Baytron-P. jrom Bayer A.G. rWaS ;Used: as a reference material in this 
5 experiment. With two to three layer spin coatings, Tor-CP exhibited about 1-2 

kohm/sq. surface resistance whereas Baytron-P exhibited about 100 kohm/sq. Optical 
' tr^anshSissidh for'th^ abW^86%^M»below'80%'fo^ f or-CP 

aiiH Bai^ron-P/resp^e^^^ iFoWeftaih Sisplay app as touch 

' screen; 'anode electrode (cuifehtly ITO) sho'ulci hSve surface fesistiahce of less than 1^2 
10 kohm/sq. and optical transmission of above 86%. Clearly, Tor-CP coatings can meet 
these^requiremehtsi'-^ - " - -i^vw-, .^^r 

' maditidn^^^^^^^ oTthese samples ibllc)wingMil.C-4897A test 

protocol were also conducted. Results of thiViestlnd^^^ 
15 very g6o3 Udhesibri"ratirigbf '4B; compared to veiry poor adhesioh of S^ytron-P on 
PET. Since the Tor-CP is in NMP, there is^a surface mixing between Tor-CP 

and PET substrate whereas aqtiedus based' Baiytf bh-P may ^hot have the mixing effect. 
The niixing'effe^^^ the Tdr-GP^and PET s^ interface would 



provide good adhesion. ' ' ■ » ' ' ^>^^ : ;« .r* v.-ti:^ 



* k 



Jr » 



^ • "FigtirbrS shows 'data in^'s^^ ^ >: 



Example 10- Properties of Tor-CP and Baytron-P coatings 

25 Resistivity/Coriductivit jPof Tbr-CP aiid Baytron'-P coatings^ oh^ glass substrates 

■ • were deienxiihed by'emplbyirig van der PaUw m^ithbd iii^tempeira^ raiiges between 

100-300 K. Thickness of the cdatihgs used in this test wefb between 400^500 nm. 

Lh-Iiri'plofs^^ conductivity results are "shdwrii^^ As shown in 

these figures, Tor-CP coatings exhibited two orders higher condudivity than Baytron- 

30 P coatings' in^ entire temperature rainges. - In addition; Baytrdn-P coating a 

kink at temperatures around 150 K whereas there'is i^^ kiiik in' the plofs'of Tor-CP 

' ^toatirifes?^ It-^s l^elie^ed t3iat'the^kirik%i m ^ilot of th^cb^ductivity indicated 

the changes in charge carrier transport mechanism in the Baytfon-P^coati'ngs. No kink 

in the Tor-CP coatings probably implies solid charge carrier transport mechanism in 
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Tor-CP coatings and might attribute to the many orders higher mobility in the Tor-CP 
coatings.'^ ** ' *'*•-•'•*• • . > ^i. '.,. -):;. ..u f .) . • 



Ex-ample 10 - Solvent Exchange Process using- Ethylene glycol as exchange 
5 solvent^, o. ../^ .*.-;^.:->. 



1 



.1. I?lace;the.Ghem Glass 500 ml four neck round bottom flask, into the oil bath. 

' ,2. Take, the Ultra-Tunax disoerser/ homogenizer model#, T 25; equipped with 1 9 

10 . . mm.diameter shaft andplace into the.center neck of .the 500 ml round.bottom 

3. Hookup the temperature controller equipped with thermocouple^to thp.oil bath. 

4. Attach the Dean Stark Trap to the left neck of the 500 ml flask, then place 300 
. ,i nun coil condenser on top of .it. A tube, will then run from the jtop of the 

15 . .-J,..;, condenser, to thef nitrogen bubbles . , 

5. . In the right neck of the .500 ml .flask,.place the nitrogen . line supplied by the 
... - . -Gilmont instruments .flowmeter. ... . . . , 

, .jS.v Add IQO ml- Ethylene glycol into 50P ml.flask. . . . , . „. j i .-. = 

7. Jn the front neck, of the 5 OO.ml tflask^ place the adapter. with inner tubes 
20 connected to the Watson-Marlow peristaltic pump. J. ^ , ... .,,>t' 

8. Turn on the temperature controller and heat the solvent to 120®C xmder 
agitation froni the Ulta-Turrax T-2§ jhoniogenizer .w^^^ speed-at 20000 rpm. 
The speed setting should not need to be changed throughout the remainder of 

theproggSSi^ . \:i - . j o : „ :.;>;>i /' -<>.r;':y ^ 

25 9. Set the Gilmont instruments nitrogen flowmeter to produce a steady flow of 

y, nitrogen through the .flask until jit comes out t^^^ . , 

, - .10. ysing;^atspn7MarlQ>y^perista^ pump, begin pumping 76 nil BaytronrP into 
. the^SOOml.flask ata flowrate.ofl ml/minute, . : , 

,.^11. Continue Dumping .the Baytron-P into .the 500 ml flask till complete, (approx. 
30 . »: • u ._76min) .-..jr ; . i,,-. * , ' -y,.* , • i-* 

,12. As.the Baytrpn-P is -being fed into the.500.mlrflask, Avater should start . 

i condensing and xpllectm^ .. ^i ^ . a,, 

il3. Increase, thp. nitrogen, flow considerably in. order to forc.e the water yapor.up 
, into the coil condenser. . . .. ) . , f • . . , 
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15 



14. The water will start to rapidly condense and collect in the Dean Stark Trap. 
. , Drain the -trap as needed. . i 

15. Continue this process until the desired amount of water^has been removed. 

16. Turn off the temperature controller and the homogenizer, continue the 

' nitrogen flow till the product in the flask cool down to room temperature. 

17. Remove the product from the flask. .1 

18. The conductive, coating will be made from the product using spin coating 
method on glass substrate. ' 

19. The surface resistances were measured with a Keithly 2000 4-point probe. The 
bulk resistivity (p) was, calculated using the. equation below: 

p = (71 * thickness *- surface resistance * k) / In 2 

Where k = a correction factor based on the ratio of the probe to wafer diameter 

and oh the ratio of wafer ;thickness to prpbe^separatiph. . « 

20. Conductivity equal to the invei-se of bulk-resistivity ' ^ 

' ^.a = 1 / p - • :j • 

21 . Figure below shows that coatings from an E;thylehe glycol solution / made by 

' .1 ' I ' * » * ■ . *>' ' " • ■■ 1 . j.. 

solvent exchange ^ have a much lower surface resistance than Baytron-P 
coating or haVe 300 times better conductivity. . . 
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Table 3: Solvent Exchange with Ethylene Glycol 



4 

Batch# 


baytron-K 
'(V4071) 


D/^ no A A 
r'(3-U^-44 


■ » .* - 1' 


or^ no AO 


or^ no 
Ko-U/i-o^ 


Dl 


: . Quantity - 
(ml) 




. I/O' 


' ; 17o . i^ 


• 1 7o 


1 to 




Solvent 


water 


• • • 

ethylene 

. glycQl.i • 


' ethylene 
- glycol .r » 


ethylene 
.glycol 


ethylene 
glycol 


e 


Viscosity 

(CP) 






171.5 

C ^ . • ' ./ 


570 

t 


1480 




■ > Solid Content . , • 
(%) 




0.92 


V .0.7: 


. .1 .09 . 


1.3 




Water Collected 

,( ml) r 


• ' * , * ■■ 


66 


41 


78 


92 




^o.oiuiion Kesioue 
(ml) ' 


e t 


OA 




fii 


DO 




Thickness bfvtHe''cbatihg - 


> ' -85 ' 


: 70 


50 


90 


130 




Surface Resistance(k-ohm/sq) 

4 -point 


160 


0.45 


0.68 


0.35 


0.24 




Bulk resistivity (ohm cm) 

4-point 


25.808 


t. .t. 
0.060 


" 0.065 


" 0.060 


0.059 




Conductivity(ohm cm)'^ 

4 -point 


• . • ■ 

0.04 


. 16.73 - 


■ • '.if,* . 

*m 

.: 15.50 


« ♦ ■ 

: 16.73 


16.89 




Transmission on 

PET substrate 




T = 86.5 % 
H = 0.71 




T = 85.1% 
H = 1.18 


T = 81 % 
H = 0:95 





5 

All references disclosed in this application are incorporated herein by 
reference. 

While the invention has been described with reference to specific 
1 0 embodiments, modifications and variations of the invention may be constructed 

without departing from the scope of the invention, which is defined in the following 
claims. 
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What is claimed is: 

M . , 1 . . A method for exchanging solvent^in a mixture comprising water and an 
optionally substituted pplythiophene, thcimethod comprising;^ - 

5 a) heating at least one solveiit in a vessel under conditions suitable for 

^ y apprizing water,, ,y^i.,-t .... . ^ . . 

b) . contacting the heated solvent with the mixture comprising water and 
optionally substituted polythiophene, the contact being sufficient to remove at 
least part of the water firom the mixture as vapor; and 
10 . c) , .exchanging the water removed.from the mixture \vith the solvent. 



30 



2. The method of claim 1, wherein the method further comprises removing 
the water »vapor from the vessel. ^ 

15 3. The method of claims 1-2, wherein the boiling point of at least one of the . 

, , ^ solvents is -at least abput lOO^^G at. standard temperature and pressure (STP). 

4. The method of claims 1-3, wherein the boiling point of at least one of the 
' . solvents is>between from about -100**C to about 250®C at standard temperature 
20 and pressure (STP). ^i. 



5. The method of claims 1-4,' wherein the solvent is heated in the vessel to at 
least about lOOX. - v h i t .. 



25 ' ' 6. The method of claims r-S,' whereiii the solvent is heated in the vessel to a 

temperature of between from about lOO^'C to about 250'^C: 



7. The method oftlainis 1-6, wherein the conditions ftirther comprise 



exposing the solvent -to* a pressure of about 1 atrhosphere in the'vessel. 



8. The method of claims 1-7, wherein the contacting step fijrther comprises 
adding about 1 part of the mixture to at least about 2 parts heated solvent per 



minute.' 



I » 
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9: The method of claims 1-8, wherein the contacting step further comprises 
adding about 1 part of the mixture to between from aboiit 5 to about 
1 0,000,000 parts heated solvent per minute. 

10. The method of claims 1-9, wherein the contacting step further comprises 
additig the niixture tb the heated solvent as a flow stre^, aerosol; or a 
combinatiori thereof' ' q » ;i t , 

My The method of claim 1 0, wherein' the: addition of the riiixture is 
continuous. 

1 2. The method of claim 1 0, wherein the addition'of the mixture is 
discontinuous. 

13i iThe nlethdd of claim 12, wherein the mixture is added to the solvent as a 
discontinuous flow stream. 

14. - The .method of claim 10, wh'ereinUhe mixture is added to the solvent as 
drops. V' " • . 

15. The method of claimsil- 14, wherein the contacting step f further comprises 
dispersing the mixture along the surface of the heated solvent.- 

16. « Jhe method pfclaimilS, wherpin.the dispersal is configured to maximize 
contact between the mixture and the heated solvent. . . 

17. The method of claims 1-16, wherein the contacting step further comprises 
. adding the mixture below>the surface^of the heated. solvent. 

1 8. The method of claims 1-17, wherein the solvent is water soluble. 

.•|''« • • , • *' '.'J " ' ti •.. - ' i * 

19. The method of claims 1-18, wherein the solvent is partially or fully 
insoluble in water. 
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20. The method of claims 1-19, wherein the solvent is a lower alkyl 
acetamide, lower alcohol including diols and triols, pyrrolidone, lower alkyl 
pyrrolidone, higher, alkyl pyrrolidone, lower alkyl sulfoxide ; or a mixture 



thereof. 



9 



10 



15 



20 



25 



21. The method of claini' 20, wherein the lower alkyl acetamide is di- 



methylacetamide (DMAC).and the lower alkyl pyrrolidone is N- 
methylpyrrolidone (NMP). 



22. The method of claim 20, wherein the lower alcohol is ethylene glycol or 



glycerin. 



•if- 



23: The method oTiclaim '20, whefeiri the Idwer alkyl sulfoxide is 
dimethylsulfoxide (DMSO). " ' * ' • ' • 

24. The method of claims 2-23, wherein the water vapor removed from the 



'mixture is a coiidensate or distillate. 



: I • 



25. The method of claim 24, wherein any water is removed from the mixture 



by the method: 



i : 



26. The method of claims 1-25, wherein less than about 100% (w/v) of the 



r- »! 



wiater is reriioved from the' inixture as' vapor. 



I » 



27. The method of claim 26, wherein between from about 25% (w/v) to about 
1 00% (w/v) of ihe water is removed from the mixtifre. 



30 



28. The method of claim 26, wherein between from about 50% (w/v) to about 



i 00% (w/v) 'of the water is removed from the'mixture. ' ' 



29. the method bf claim 26, wherein betwleeh' from 'about 1% (w/v) to about 
95% (w/v) of the water is removed from the mixture as vapor. 
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30. The method of claim 1, wherein the polythiophene is represented by the 



' ^ '^following forrhula (11): 



1 1 



10 



15 



20 



25 



R3O 




0R4 



1 : t 



. , • t 
i . . . • 



nl 



II 



i 



1 1 



wherein R3 and R4 each independently represent hydrogen or a C1-C6 alkyl 
group, or together form an optionally. substituted CI -C6 radical or a 
cyclohexylene- 1,2 radical, and • ^ : . . 

nl is greater than 1. 



1 « ' ^ ■ ' • ♦ 



31. The method of claim 30, wherein the polythipph^ne is assqciated with at 
least one polyanion. 



32. The method of claim 3 1 , wherein the polyanion is pply^tjTene sulfonic 
acid (PSS). 



( '■t.\ 



33. The method of claims 30-32, wherein R3 .and R4 each independently 
represent C1-C4 alkyl or together form a C1-C4 radical. 



t ■ 



1 - 



34. The method of claim 33, wheriein the.Cl-C4 radical is an ^ethylene 1,2 
radical. 



, 1 • 1 . > 
. • t t ' . ♦ ^ ■ . 



35. The method of claims 30-33, wherein nl is less than about. 10. 



36. The method of claims 30-33, wherein nl is less than about 5 



56 



wo .02/0^7273 . PCT/lJSq2/0fl67a. 

37. The method of claims 3 0r3 6,. wherein the.polythiophene is an optionally 
, , . .substituted po|y-3,4-aDcylene dipxytW^^ . 



38. The method of claim 37, wherein the polythiophene is poly-3,4-ethylene 

5 u. -^'l' '-■ ^ipxythiophene,.-'.-: , .p .... .u.>. i. . ^-mt -x WxVsfti y-\ 

* • ■ * * 

39. The method of claims^ 1 73 8. wherein mix toe fu^ cpmprises at least 
one additive. 



0 40. The method of claim 39, wherein the additive is a, binder. , . ^ 

, ; , . .-41.,, A.method.fo^^ or Njs 

methylpyrrolidone (NMP) or ethylene glycol for water in a colloidal^ jwater dispersion 
comprising poly-3,4-ethylene dioxythiophene present, the method comprising: 
5 a);heating an amount ditmetoylacetamid^^^^^^^ pg lvInmethylpyrTolidone ^ 

-.} j ; (NMPXorethylene. glycpjvin.a first vessel ito. a temperature.pf between from 

about lOO^C to about 250°C, :irf ;t viit jo i; ^'>iiVvr 

b) contacting the heated di-methylacetamide (DMAC) or N-methylpyrrolidone 
; r^^v 3k.(NMP) or^ejlhylene^glycp 

0 comprising water and poly-3,4-ethylene dioxythiophene,; wherein-the 0 

dispersion is added to the surface of the heated solvent at a rate of between 
]t jirom abbut,0;l to about 1000 mls/minute,tthe.contact being sufficient to 
remove at least part of the water from the dispersion.as.yaporj.and 

c) exchanging the water removed from the dispersion as vapor with the di- 

5 j ^ i: u u jnethylacetami^^^ 01} Nrmethylpyn'olidone.(l^ ethylene glycol. 

42,-The miethftdofuClaim%4Jv wherein; t^ furthericpmprises removing 

.;..at least partiofjthe water from: the: xesseha^ vapor; .-.e i^ ; < Ju-yaii ; 

0 43. The method of claims 41-42, wherein the method further comprises 

cpndensing.the.water in a trap.vi : • o . ]; / 
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.> . ; : 44 / The method of claim's 41 -43 ; Wherein the method further comprises 

condensing the water vapor into a secbnd^vessel comprising' at least one co- 
solvent. 

5 45. The method of claims 41-44, wherein the ratio of the' aniouht of the di- 

methylacetamide (DMAC) or N-methylpyrrolidone (NMP) or ethylene glycol 
. .. . • • ' to^tfie amoui^^ ' ' * 

46. The method of claim 45, wherein the ratio is between from about 1.5 to 
10 abouH 0,000,000 brmbre- -' ' • * ^ • ' • ^' 

47. The' hiettiod bf claim 46,' wherein the Tatio is between from about 2 to 

" -''^'r- '^abbut 10. ' J-' v.^i ^iv rr //q!-;.i^^^ 

15 ^ ^ 4gy TTife lAethod-df cl^ifnS^ further comprises ^ 

' ^ ■ ' contacting 'the^^^^ least briknbh-reactive gas to facilitate 

removal of the water from the mixture. *"* '^ ' * ^ • • - ' 

ic , ::: tr 49] 'The methbd of claim' 48- ' Wherein th^'ga^^ gas; or a 

20 mixture thierebf r : -tojM i f;i,\K|nK ^ 

> 5 O. -iThe* method of daim 49rwKereiri'the'gas is' pre-hisat^^ to abibiit the 
temperature of the heated sblVfc^^^ «:>- >: . iO v; 

25 r. i ' ^51:^ Thfe metHod ofcra:im 5Q, 'where^^ 

(DMAC), N-methylpyrrolidone (NMP), ethylene glycol, acetonitrile, 
r : benzonitrile; methylcyanoaJcate; dibhloromethane; diiethyl ether, ■ ^= 

dimethoxyethane; 'NvN-dimethylformamide, nitrobenzene; nitrornethane, 
propionitrile, and propylene carbonate. 

52. The method of claims 41-51, wherein less than about^l 00% (w/v) of the 
water is removed from the mixture. 
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53. The.method of claim-sS?, wherein: 1% (w/v) to about 

95% (w/v)tQf the water is removed from the mixture. ,j .... . . 

;54.:.rThe m.ethpd.pf claims 1:53, whprein the;Optionally..substituted poly-3,4- 
alkylene dioxythiophene is provided as a colloidal^y/ater.dispersion. 

55. Thermethodiof claim 54, wherein i the colloidaL\yater dispersion further 
comprises at least oneiCounter ion; „ ^vr-"--- . 

56. The method of claim 55, wherein the counter ion is polystyrene sulfonic . . 
acid , and the optionally substituted poly-3,4-alk^ is poly- 
3,4-ethylene dioxythiophene. -j :i.r:Jju 

57v, The metho4pf claims.1-56, wheiiein.the poly^Sj^Tethylene dioxythiophene 
is commercially available as or Baytron^*^ P. 

58. The method of claims 1-57 wherein the .polyps j4-^thylene dioxythiophene 
is a polymer derived from Baytron'"'" M. 

■ 

59. The method of claims 1-58, wherein the contacting step further comprises 
subjecting the thiophene mixture to high sheer mixing sufficient to prevent or 
reduce, agglomeration of the mixture, i ; ' v • , . oc,::: .-^ 

60. The method of claim 59, wherein theihigh, sheer mixing js provided by a 
homogenization or dispersion implementation. 

i61r A composition produced by anyone of the methods^pf claims 1-60. 

62. A composition comprising a poly-3,4-alkylene dioxythiophene; and 
between .from about 1 % (w/v) to. about; 1 00% (w/y), di-:methylacetamide 
(DMAC),,Qr N-methylpyrrolidone (NMP) or.pthyleneiglycol. v. 
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' ' ' 63 . The composition of claim 62, wherein the poly-3 ,4-alkylene 
dioxythiophene is associated with at least one polyaiiioh. 

; 64. The composition of claim'63, wherein the polyahion is polystyrene 
5 sulfonic acid (PSS).^^^ 



15 



^ •-' • » 65. The composition of (claims 62-65,- wherein the optionally substituted poly- 
3,4-alkylene dioxythiophene is poly-3i4-ethylene dioxythiophene 
commercially available as Baytron"^" P. 

66: The compdsi^tion of any one of cl^^ 
one additive. j-;:. j- .i ^ o r * . 



- 67. The bompdsitibn of claim* 66, wherein the additive is a^binder. 



68. The composition of claim 66, wherein the additive is ferric toluene 
' ' ^ sulfonic a^id (BaytVon^'^ G)l ' - 



: ■ ^ f ' t i • ■ 1 



• • ' ■* • . ' - . . : • 

> t - - * , • . , ■ I i 



* - • ..... r • r* • , } ^ , 



69. The composition of claim 68, wherein the ferric toluene sulfonic acid is 
20 ^ . Tpresent in trace* amounts, i .in>'i?- 

70. The composition of claim claims 62-69, wherein the composition has at 
least an order of magnitude higher conductivity than the corresponding 
unexchanged thiophene mixture. 

71. The composition of claim 70, wherein the composition comprises a 
converted (solvent exchanged ) polydioxythiophene and the unexchanged 

thiophene mixture is Baytron"^" P. 

30 ^ 72. Thb composition of claim ' 7 1 , wherein the solvent exchanged • 

polydioxythiophene (converted Baytron P)* includes at least one of NMP or 
DM AC or ethylene glycol. 
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73, , A conductive coating cornprising the composition of any one of claims 
. . 62-72 configured as a layer having a surface resistance of between firom about 

lOto about 10*^n/sq. , r; 

5 . r ., 74: The coating, material of claim 73 haying between from about 1 mg/m to 

about- 500. mg/m^ of the .composition in the layer; - • ' ? . _ 

* • * 

75. The coating of claim 74 in which the layer has an optical density of 
between fi-om about OiQOOl to about 0.05 at between from about 300nm to 
10* about 700nmv:r v . ' • n r;/- * ' n. ^.v * : . 



76. The coating material of claim 75, wherein the layer has a light 

)• .'transmission* of , between fi-om about. 10%t to about »99% as measured by a BYK 

Gardner Haze-gard plus machine. 

77. The coating material of claim 76, wherein the layer has a light 
transmission of between firom .about 80%. to about 9.5%, as measured by a BYK 
Gardner Haze-gard plus machine;. - ^ . ; . i ; i - , . .?;v ...r 



20 I : ! 78. : A conduGtiye film comprising the composition of apy^pne of claims 62-65 

and at least one polymer, co-polymer, graft polymer;.or. blend thereof. 



. 79. JChe cpnductiYP film of claim 78 configurjed^as a layer haying a surface 
. j /resistance Lof between from .about;;! OitOiabo^ . .. i 

< 

80. iThe conductive *film of claims 78-79 having between from about rl mg/m' 
.to;about 500c mg/m^ jof the composition in the. layer. . • , - : 



. . 81. The conductive film of, claims 78-80 in which the layer has an optical 
30 density of between from about 0.0001 to, about 0.05 at,betweeii from. about i. ^ 

300nm to about 700nm. 



■ » 
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82. The conductive film of claims 78-80, wherein the layer has a light 
transmission of between from about 80% to about 95% as measured by a BYK 
Gardner Haze-gard plus machine. 



83: The conductive film of claims 78-82 further comprising the polymer, 
wherein the weight ratio of the converted (solvent exchanged) * 
polydioxythiophene to the polymer is about 10:90 to about 0.1:99.9. 



84. The conductive film of claim 83,' wherein the weight ratib of the 
10 converted (solvent exchanged) polydioxythiophene to the polymer is about 

6:94 to about 0.5:99.5. 



• 85. The conductive film of claims 78-84, wherein the polymer is a polyimide. 



15 86. The conductive film of claim 85, wherein the polyimide is TOR-NC, 



87. The Goriductive film of claims 78-86, wherein the converted 
polydioxythiophene is Baytron^"^ P. . : \ i 



20 ' - 88. An article of manufacture comprising the composition, coating o 

any one of claims 61-87; 



♦ « ■ : I 



^ 89: The article 6f manufacture of claim 79; whera 
antiradiation coating, antistatic coating; battery^ catalyst, deicer panel; electrochromic 

25 window, electrochromic display, electromagnetic shielding, electromechanical 

actuator, electronic membrane, embedded array antenna, fuel cell, infrared reflector, 
intelHgent material, junction device (PV), lithographic resist; non-corrosive paint, 
non-linear optical device, conductive paint, polymer electrolyte, radar dish, redox 
capacitor, sealant, semiconductor circuity sensor^ smart window, telecom device, 

30 waveguide, or wire (low current). 



90. The article of manufacture of claim 89, wherein the electromechanical 
actuator is one of a biomedical device, micropositioner, microsorter, microtweezer, or 
microvalve. 
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91. The article of manufacture of claim 59, .wherein the 'sensor is one of a 
biological, chemical, electrochemical, irradiation dosage, mechanical shock, 
^temperature, temperature lirnit, or, time-temperature sensor. 

92. A method for making an electronic implementation, the method 

.comprising;v; .J,, , t-rr-- . 0' 

a) contacting at least one of the compositions, ppatings or film of 
claims 61-87 with a first polymer layer, 

b) .dissolving, at leasj a portion of the first polymer layer with the 
composition under conditions forniing.a hole in ibe . first pol>Ttn layer; 
and 

. c) evaporating the solvent in the composition to. make the electronic 
implementation. . -i- . :^ / 

93. The method of claim 92, wherein at least. step a) .of the method is repeated 
at least once to make the electronic implementation. . . . * 

94r The method of claims 92-93, wherein :Steps..a), .b) and c) are.repeated 

twice or more to print the electronic implementation. ; i, . ^ ( . 

. 95. The.method of claims 92-94, wherein the hole fviarhole or.interconnect) 
comprises a first end contacting the first polymer layer and a second end contacting a 
substrate layer, f. . . ■ .... , , . , . ... 

96. The method of claim 95, wherein the hole is substantially filled with the 
comppsition. , , . ^ , ^ - , , . . 

97. The method of claims 92-96, ^yherein at least step a) .of the.method js 
performed using a standard ink-jet printer. 

98. The method of claim 97, wherein the ink-jet printer comprises at least two 
nozzles, each nozzle comprising the same or different composition. ^ 
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99. The method of claims 92-98, wherein at least one of the compositions 
comprises poly(3,4^ethylenedi6xy-thidphene). • 



f • . * J • 1 • 



* • _ ' 



100. The method of claim 99, wherein the coinposition further comprises 
polystryene sulfonic acid (PEDOT/PSS). 



— ■ • ^ . . 



■ • 



'I : 



101. The method of claim 99, wherein the composition is Baytron^^-P or a 



poiymer of BaiHrbn'^^-M: ' 



' ' or consists oT a dielectric polymeir. 



102: Thie method 'of claims 92- 1 0 1 , wherein the first polymer layer comprises 



15 



11 . • t 



103 ' The method of claim 102, wherein the dielectric polymer is 



polyvinylphenol . 



m. * 



•I 



■ '104! the'method of claims' 92-lXj3, wheteih the siiBstfate layer is insoluble in 
the solvent of the composition^'*'^' ' ' ' 



105. ThiB method of claiiii 104, wherein the substrate layer is organic and 
20 flexible, or organic and rigid. ' 



30 



~ • ' • ids/ TTie metfidd of dlMiii 



107. An electronic implementation produced by the methods of claiins 92- 



25 106. 



108. The electronic implementation of claim 107, wherein the iniplenlentation 
is an inverter capable of converting a high-voltage input to a low-voltage output; or a 



low-vbltage input to a high-voltage output. 



109. The electronic implementation of claim 108, wherein the inverter is a 
component bf 'an' electronic circuit which circuit comprises at least bne source 
electrode and at least one drain electrode. . 
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V- . .110. The electronic implementation of claim 1.09, wherein the source^ and 
drain (electrodes are.separated frorn. each other by^about l.to 10 micrometers, , 

5 111. The electronic implementation of claims 1 09- 110, wherein the electronic 

circuit has an output between from about —20V to about OV. 

112. The electronic implementation of claim 109-1 11, wherein the electronic 
circuit has an input between from about OV to about —20V, 

113. An article of manufacture comprising the electronic, implementation of 
claims 107-112. 

.114,. The article (of rnanufacture of claim 1,13, the article being a liquid crystal 
15 display, electrophoretic ink display, pplymjer, disperse liquid^ crystal (PpLC)fOr an 
identification tag. 

lis. , The article of ^manufacture of claim 1 14, yvherein.the identification tag is 
a smart label adapted for use in consumer good. . r , . .i . 

20 

r . . -1 16. The article of manufacture of claim 115, wherein the consumer good is a 

toy or supermarket item. i- ; /. ■ v;- r . 

. . 117; Pptically transparent and electrically .conductive polymeric coatings, 
25 ^ , which are fabricated using organic solvent based conducting polymers of -\ ; 

poly(ethylenedioxythiophene):poly(styrene sulfonic acid) (PEDQTiPSS) families, of 
which environmental stability, low water content, low water affinity and flexibility 
are important consideration for. electro-optic device applications: 

30 118. The conductive polymeric coatings according to claim 117, where in . 

said coatings exhibited resistivities less: than 1. .Qhm-cm and :pptical transmission 
greater than 90% in wavelength ranges between.300 nm and;6,0Q:nm fpr-the, coating 
thickness about 107 nm. 
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1 19. Methods of fabricating the conductive polymeric coatings according to 
claim 117, where in said coatings is produced by employing controlled drying 
processes of air dry for one hour at ambient temperatiires. followed by oven dry at 
80°C for 5 minutes to improve electrical conductivity without degrading optical 

5 ' • transiiiission. * - . i v-^ , . . 

120. Electro-optic devices manufactured utilizing the conductive coatings 

* 

■ accbrding to claim 1 1 7. ■ '* 



30 



. 1 < «. 1 



1 • ' . r'. 



10 121. Electro-optic devices manufactured utilizing the coating fabrication 

method according to clairh 1 1 9V • 



1 • 



122. The method of claims 1-60, wherein the methods further comprise, 
after step c); fbnhing a coating coinposition from the mixture iarid subjecting the 

15 composition to iit least brie diying t^^ ^ • ^ . - \ : 

123. The method of claim 122, wherein the drying treatment step comprises 
• subjectiriig the coating composition to a'temperiature of from between about room 

temperature (25 Q to about 200 G for less than about a day (24 hours).^ ^ - 

20 

* ' 124. « The methods of claims 122- 123, wherein the rhethod comprises at least 
two drying treatment steps the same or different. ; * 

• 125 . The method of claims 122-124; wherein the coating composition is 
25 subjected to a drying treatment of from between about 50 C to about 150 C for less 
than about 12 hours; ' ^ . • « 



. /..'It. > ,* I 



126. The method of claims 122-125, wherein the coating composition is 
subjected to a drying temperature of about 80 C for less than about 5 hours. 



' 127. The method of claims 122-126v wherein the coating composition is 
subjected to a diryihg temperature of about 80 C for aboiit 1 hour oi: less. 
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128. The method of claim 127, wherein the coating composition is 

subjected to the drying temperature:for, between from about J to. about 15 minutes. 

* .* ♦ " . 

129. The method of claims 122-128, wherein the drying treatment step 
5 comprises subjecting the coating coiiipositipn to, room temperature (25 ; Q for less 

about two hours or less followed by treatment at about 80 C for between from about 1 
to about 1 5minutes. 

130. The method of claims: .122,-1 29y>whei:ein the Qoating cpmppsitipn has a 
10 thickness of from between about 50nm to about lOOOnm. ^ 

I ' '.M-: ( .;^1 3.1 . i . jThf^jinethod of jclaim il.3.0i :Wherein the poatingtcomppsitipn has>a' 
r thickness of frdmibejtweeh' aboiit 60nm to about ,750nm. . ; j : . 1 1 • , . t^^y f ., . 

15 1 32. A composition produced from any one of the methods of claims 122- 

133. A conductive coating comprising the composition of claims 61-8,7 
132 configured as a layer having a resistivity of between from about 0.01 to about 

I, .r.; (ohm-em) and a; thickness, of betvyeen? about 1 Onm to about ^25Q nm. 

134. A conductive coating comprising the composition of claims 61-87 and 
.'132xpnf}gured as a layer having; a surfacp^resistauice of^^ 10 to 

... about 10,000Xohmys.qXand: a. thickness of betweien about 1 Omn tp. abput 25.0 nrn.;. 

25 135. A conductive coating comprising the composition of claims 61-87 and ■ 

1 32; configured as a layer hay ing:an optical. transmission pfj at least about 90% 
. : between abqut SOpnm and 600nm wavelengths.^.; :;^! .f , ; .ri : - ......... 

- Ji or":. ^ ' -vt tK .-.:/) 
136. A conductive coating comprising the composition of claims 61-87 and 
30i ^. 132 configured .as a layer haying at least pne:of the.follpwing characteristics: 1) a u 
resistivity of between from about 0.01 to about 1 (ohm-cm); :2) a surface, resistance of 
between from about 10 to about 10,000 (ohm/sq); 3) a thickness of between about 
lOnm to about 250 nm; and 4) an optical transmission of at least about 85% between 

about 300nm and 600nm wavelengths. 
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1 37r • An article of manufacture comprising the composition^ coating or film 
of any one of claims 132-136. 

^ ■ 138.' The article of manufacture of claim 137, wherein the article comprises 
or consists of at lieast one electro-optical- implementation. . - * 

139. The article of manufacture of claims 137-138, wherein the electro- 
optic implementation is an organic light emitting device (OLED). 

140. An organic light emitting device (OLED) comprising at least one of 
the following^com'poriehts operatively linked together:' 1) inetaLciathode; ^2) electron 
transport layer (ETL); 3) organic emitter; 4) hole injection layer (HIL); and 5) a- glass 
substrate layer. 

141 . The OLED of claim 140 further comprising an indium doped tin oxide 
(ITO)antode. • - • ^ \ - • V; ; • - - AT; 

1 42 . The OLED of claim' 1 40, wherein the HIL layer comprises at least one 
20 of the compositions of claims 53-78, 123-126. 

-143: The OLED of daims 140-142; wherein the jOLED has a peak external 
quantum efficiency of between about 0.02% to about 0;2% at between from about 4 to 
about 8 volts. 

1 44: The OLED of claim 143, wherein the OLED has a peak power ^ 
efficiency of between firom about 0.5 to about 2imA\^ at an apfplied bias of between 
from about 1 to about 8 volts. 

30 ' ' 145 ; ' The OLED of claim 1 44^ whereiri4he OLED has a luminance of about 
J. 7000 to about 9000 cd/m\ . ^ . ^ ^' : ' r ; 
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146. The OLED of claims 140-145, wherein the OLED has a maximal 
luminance of between from about 10,000 to about 50,000 cd/m^ at about 4 to about 8 
volts. 

5 
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